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INTRODUCTION 
Many goitrogenic materials have been tested as agents to 
promote fattening In ruminants, swine and poultry. The mate­
rials tested have been found to be only partially effective in 
promoting fattening. These compounds have also shown many 
undesirable side effects; therefore, they have never come into 
practical use. 
The research that has been conducted on these compounds 
with domestic farm animals has been of a practical nature 
and not much research has been conducted on the effects of 
various levels of these compounds upon thyroid function and 
metabolic rate. 
Research of this nature is lacking in the case of beef 
cattle. This information is naturally essential to arrive at 
an understanding of the mode of action of the various goitro­
genic drugs and their relative effectiveness in depressing 
thyroid activity before conclusions can be made that might 
eventually lead to a practical application of these goitro­
genic materials. The failure of these compounds to be con­
sistently effective in the past has been attributed to the 
lack of a basic understanding of the action and effectiveness 
of these drugs in inhibiting thyroid functions of the various 
species of animals. 
It was therefore tne purpose of this study to determine 
the effects of different kinds and amounts of goitrogenic 
drugs upon the thyroid function and metabolic rate of meat 
producing ruminant animals and to study the effect of the 
different goitrogens and degrees of thyroid inhibition upon 
tne feedlot performance and carcass quality of these animals. 
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HE VIEW OF LITERATURE 
Thyroid gland hypertrophy or goiter was observed as an 
enlargement of the neck region in man and animals long before 
the cause or nature of this condition was realized. This 
thyroid enlargement has subsequently been explained on the 
basis of an alteration of the activity of the thyroid gland 
to compensate for some environmental or dietary factor. 
Marine in 1935 (55) stated that whenever the amount of thyroid 
tissue becomes insufficient to supply an adequate thyroid 
secretion, whether from reduced iodine intake or from in­
creased demands for the hormone or following partial thyroid­
ectomy, compensatory hyperplasia occurs. 
Probably the best known goitrogenic agent Is a deficiency 
of iodine, leading to endemic goiter. This condition occurs 
in certain geographical areas where soils are lacking in 
iodine. This relationship was first observed by Chatin in 
1853 (25) and later by Baumann in 1896 (12). 
Natural Goitrogens 
Although iodine deficiency is said to be the commonest 
cause of thyroid hyperplasia in the human being and in experi­
mental animals, a great many agents have been seen to cause 
a similar thyroid effect in such animals as rodents, ungulates, 
birds, fish and man. 
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Burget (22) was able to produce thyroid hyperplasia in 
adult rats fed a high protein diet containing beef liver. 
Diets high in fat were observed by McCarrison (56) to cause 
thyroid enlargement in rats; however it was later reported 
that the enlargement due to high fat diet is due to edema of 
the gland and not true hyperplasia. 
The classical naturally occurring goitrogens ere those 
that occur in "Brassica" seeds. Hercus and Purves (41) ob­
served a sporadic goitrogenic activity in turnip roots as well 
as the "Brassica" seeds; rape seed, cabbage seed, steamed 
white mustard and steamed black mustard seed. Additional seed 
of the "Brassica" family found to be goitrous by Kennedy and 
Purves (47) include Swede seed, soft turnip seed and chow 
moellier seed. Kennedy and Purves (47) revealed that iodine 
supplementation up to 1,000 micrograms of iodine per rat per 
day failed to entirely prevent the thyroid hyperplasia induced 
by feeding "Brassica" seeds of all species although it marked­
ly diminished the weight response. Kennedy (46) conducted 
studies to determine the exact nature of the goitrogen present 
in rape seed and found that the effects of this natural goitro-
gen and allylthlourea on the rat thyroid were very similar. 
Rats fed diets of 35 to 95 percent soybean flour for 
periods of up to 7 weeks evidenced increases in thyroid weight 
up to four times normal in experiments by Sharpie s s jet al. 
5 
1939 (73). The goitrogenic material in soybeans although not 
as potent as the one present in "Brassica" seeds increased tne 
iodine requirements of rats two-fold on a thyroid weight 
basis. Wilgus e_t al. 1941 (84) found the goitrogenic effect 
to remain after extraction of the soybeans, with acetone, 
alcohol, chloroform and ethyl ether; it is therefore also 
present in soybean oil meal. 
Sharpless and Metzger 1941 (74) found arsenic to have a 
mild goitrogenic effect at subtoxic levels ( .0.005/% of the 
diet). A toxic level {*02% of the diet) snowed a more dra­
matic response in increasing the weight of the thyroid and 
decreasing the iodine content of the thyroid. 
Other natural materials can also be responsible for 
goiter, among them are high dietary levels of calcium salts, 
polluted water, bacterial cultures, fecal filtrates and fil­
trates from cultures of anerobic bacteria as reported by 
McCarrison (56). 
The goitrous condition arising from all of the above men­
tioned natural goitrogens can be almost if not entirely re­
lieved by iodine therapy. The exact chemical nature of the 
compounds present in these natural materials for the most part 
has not been characterized but these substances are most 
likely organic poly cyclic compounds whose characteristic 
goitrous action can be overcome by iodine therapy. 
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Isolated Synthetic Goitrogens 
Thlocarbonamlde goitrogens 
The first organic compounds recognized as goitrogens were 
methyl cyanide and related nitriles• Clinical observation by 
Ba.r&er et al. 1941 (10) of enlarged thyroids in patients suf­
fering irom high blood pressure treated with thiocyanates led 
to tne establishment of this class of compounds as goitro­
genic . 
The recognition of the first potent organic goitrogen was 
by MacKenzie and MacKenzie 1941 (53) when they realized the 
goitrogenic capabilities of certain of the "sulfa" drugs. 
They reported that suifaguanidine, a sulfonamide employed to 
combat intestinal infections, produced a remarkable enlarge­
ment of the tnyroid gland in rats. in subsequent experiments, 
MacKenzie and MacKenzie 1942 (54) disclosed that the thyroid 
enlargement was not effected by sulfanilic acid or guanidine, 
but that it was produced by a series of sulfonamides and 
thioureas. This thyroid hypertrophy was accompanied by a 
marked drop in basal metabolic rate. They found that these 
resultant changes were prevented by administration of thyro­
xin, but not by increasing the iodine content of the diet. 
This was confirmed in later work by Astwood et al. 1943 (8). 
In 1943 Kennedy (46) found that the oral administration 
of small amounts of allythiourea to rats caused not only 
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thyroid enlargement but also changes in the interior pitui­
tary • Other similar compounds which were also found to have 
goitrogenic activity by MacKenzie and MacKenzie 1943 (52) were 
sulfanilamide, sulfadiazine, sulfapyridine and diethylthio-
urea. 
More recently a whole nost of compounds of the thlocar­
bonamlde type have been found to possess goitrogenic activity. 
Koeppe and Wood (49) in 1953 showed that 2-thio cyanoimidi-
azole and its 1-methyl derivatives were thyroid inhibitors 
witn a potency comparable to that of 1-methyl-2-mercapto 
imidiazole. A report by some Russian workers, Kabak et al. 
(44), listed the relative goitrogen potencies for the rat of 
a number of these new compounds. These data are presented 
below• 
Compound Potency 
Thiouracil 1 
Methyl-thiouracil 1 1/4 
2-mereapto imidiazole 20 
l-methyl-2-mercapto imidiazole 40 
l-phenyl-2-mercapto imidiazole S 
1-benzyl-2-mercapto imidiazole 8 
4-methyl-2-mercapto imidiazole 2 
4-phenyl-2-benzyl. imidiazole 4 
2-me rc ap to-2-(4-nie thy 1-2-thio zolyl) 
imidiazole 8 
Of the imidiazole compounds listed, 1-methyl-2-mercapto 
imidiazole or "Tapazole", as it is more commonly known, was 
by far the most potent. 
Hiller and Strauss (42) reported that 20 to 80 mg. per 
day of Tapazole in humans would cause an immediate blocking 
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of iodine upteke as measured by I , and that the degree and 
extent of the inhibition exceeded those obtained with any of 
the thiouracils. 
The activity of all of the above mentioned thiocarbon-
amide compounds is dependent upon a structural entity which is 
an ionizable sulfur atom on a carbon s torn adjacent to a nitro­
gen atom. 
Aromatic and poly phenol goitrogens 
In addition to the previously mentioned synthetic organic 
goitrogens of the thiocarbonamide type, Astwood ( 7) states 
that various organic aromatic and polyphenol compounds have 
been found to possess goitrogenic activity. In the aromatic 
series, tne clinical observation of myxedema and goiter result­
ing from the absorption of resorcinol applied to ulcerations 
of the skin, and the findings that numerous poly phenols in­
hibit the thyroid gland when injected into rats made it clear 
that an aminobenzene grouping is not essential. Apparently, 
polar groups of more than one kind can confer antithyroid 
activity on the benzene nucleus and in the case of the 
phenols, metasubstitution is particularly favorable according 
to Arnott and Doniach (6). 
Astwood (7) states that many of the poly phenols are in­
effectual when given by mouth, presumably because of failure 
of absorption from the Intestinal tract of the rather large 
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quantities needed to inhibit the thyroid gland. Other factors 
whicn limit the effectiveness of potential goitrogens in vivo 
are toxicity and failure of the compound to survive in the 
body long enough to reach the gland in a sufficiently effec­
tive concentration. 
Figure 1 shows the structural formulas of a few of the 
characteristic goitrogenic compounds. 
Mode of Action of Goitrogenic Compounds 
It was realized early that goitrogenic compounds did not 
directly cause enlargement of the thyroid, but rather that the 
goitrogen had an effect indirectly on the anterior pituitary 
gland. Griesback (36) reported an increase in the number of 
basophil cells in the anterior pituitary with a rape seed 
diet. These cells were postulated to be the site of thyro­
tropin formation and hence the goitrogen was causing an in­
creased thyrothophin production and consequently thyroid 
hyperplasia via thyrotropin. This was borne out in subsequent 
researcn by Griesback et al. (37) in which they demonstrated 
that a rape seed diet would not directly stimulate the thyroid 
gland to enlarge in hypophysectomized rats. 
More detailed investigation led Astwood (7) to the gen­
erally accepted conclusion that goitrogenic compounds had 
tneir effect in limiting thyroxin production by preventing the 
Figure 1. Structural formulae of various types 
of goitrogens 
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conversion of the iodide ion to elemental iodine which is 
needed for the formation of diiodotyrosine, a precursor of 
thyroxin. It is also held that this oxidation of iodide to 
iodine is enzymatic and that the goitrogen most likely is an 
inhibitor of the enzyme catalyzing this reaction. 
There has been a limited amount of evidence showing that 
the enzyme concerned was the cytochrome-cytochrome oxidase 
system; however this has been discredited since most of the 
antithyroid compounds have their effect on the thyroid without 
affecting respiration. 
Most experimental data are in keeping with the theory 
tnat iodide oxidation by the thyroid is carried out by an 
enzyme with properties of a peroxidase end that antithyroid 
compounds act by interfering in one way or another with this 
process. The case favoring a peroxidase as the enzyme re­
sponsible for the oxidation rests upon the following findings: 
(1) peroxidase-positive granules can be stained in thyroid 
tissue sections; (2) this reaction is inhibited by thiourea 
and thiouracil; (3) peroxidases catalyze the oxidation of 
iodide by hydrogen peroxide; (4) all antithyroid compounds 
investigated inhibit peroxidase reactions; and (5) thiourea, 
can be oxidized by peroxidases as well as by living thyroid 
tissue. 
Dempsey (27) in studies on the rat thyroid observed the 
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formation of blue granules through staining with a peroxide-
benzidine mixture, indicating the presence of peroxidase 
throughout the cytoplasm and to a lesser extent in the nuclear 
region of the cells of the thyroid follicles. The addition of 
thiouracil in dilution of up to 1/10,000 to the peroxide-
benzidine staining mixture prevented the formation of the 
blue granules in the follicular cells. Slock (34) in 1944 
was unsuccessful in an attempt to extract the peroxidase 
enzyme from horse thyroid using chloroform and glycerol. He 
concluded that there was no peroxidase in the thyroid gland 
other than that present in hemoglobin and therefore that 
goitrogenic materials had to act in some way other than inhib­
iting peroxidase. Other attempts to extract the peroxidase 
enzyme from the follicular cells have also been unsuccessful; 
however its presence is now an accepted fact. The presence 
of peroxidase in thyroid cellular material was also demon­
strated by DeRobertis and G-rasso (29) who showed that this 
cellular material was capable of oxidizing benzidine, Nadi 
reagent, o-phenylenediamine, guaiacol and pyrogallol and of 
liberating iodine from iodide. They observed an inhibition 
of the above peroxidase catalyzed reactions by thiourea 
(0.001 M) while sulfathiazole did not inhibit peroxidase but 
seemed to influence the utilization of iodine, liberated from 
iodide in the formation of new compounds. 
It is very difficult to demonstrate the presence of 
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peroxidase in tissue extracts because the tests for peroxidase 
are not specific and tne quantity of peroxidase presumed to be 
needed for tne oxidation of iodide is very small. In colori-
metric tests for peroxidase in tissue extracts the predominant 
reaction would be with the iron-poj*phyrin compounds and cata-
lase. The oxidation rate of iodide is too slow to allow the 
use of manometric procedures to determine peroxidase concen­
tration . 
Innibition of a reaction catalyzed by peroxidase can be 
accomplished in a number of different ways. Some of the sug­
gested modes of inhibition with tniocarbonamide compounds 
listed by Astwood (7) are illustrated below. 
HgC + I™ + C-S-S-C 1 
HgOj, • 1% =C-SH Bsroxidsge. *2 * C-SH — PI" • C-S-S-C 2 
HpOo + 21 + C-SH 3 
l/2Ig + 1/2C-S-S-C + HgO 4 
1. The antithyroid compound is oxidized instead of 
the iodide 
2. The iodine is reduced to iodide by the compound 
as fast as it is formed 
3. There is direct inhibition of the enzyme 
4. There is partial oxidation of iodide and of the 
antithyroid compound 
It was snown by Calvo and Goemine (24) that the combina­
tion of iodine with casein is inhibited by thiourea, thioura-
cil, phenylthiourea, and by amino acids such as cysteine, re­
duced glutathione and methionine. This inhibiting effect was 
not snown by thiourea derivatives containing alkyl groups 
attached to tne sulfur atom. These results point up the pos­
sibility of a simple reduction as the basis for their anti­
thyroid activity, since the iodination of casein and tyrosine 
are very similar reactions• The failure of the reducing 
agents such as tniols (cysteine) to act as antithyroid mate­
rials in vivo has been attributed to their too great ease of 
oxidation or to a failure to penetrate to the site of the 
enzyme within the thyroid cell, Elliot (31). MacKenzie (51) 
presented evidence to support tnls direct reduction theory by 
showing that iodide in small amounts administered to rats re­
duced thyroid enlargement caused by thiouracil• This theory 
does not apply to the sulfonamides which reduce iodine at a 
very slow rate, and MacKenzie demonstrated this point by show­
ing that small amounts of iodide administered to rats actually 
enhance the goitrogenic activity of sulfaguanidine. He con­
cluded that the thiourea compounds directly reduce iodine 
while the sulfaguanidine inhibits the essential peroxidase 
enzyme• Arnott and Doniach (6) postulated that polyphenolic 
antithyroid compounds also acted as peroxidase inhibitors. 
This was based on tneir work with a large number of resor-
cinol derivatives which exhibited strong antithyroid activity 
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on the basis of I uptake by the rat thyroid. These poly­
phenolic compounds showed no correlation between reducing 
power and antithyroid activity so they therefore arrived at 
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the above conclusion. 
The activity of aromatic antithyroid compounds was ex­
plained by Fawcett and Kirkwood ( 52) s s the formation of 
molecular compounds with elemental iodine released by peroxi­
dase in the thyroid gland . Tnis v:as shown by the presence of 
predicted aromatic iodine compounds in the inhibited thyroid 
gland• 
Wnat might be termed direct inhibition of peroxidase 
apparently may be of either s competitive or noncompetitive 
type• Some compounds such as thiourea and thiouracil, accord­
ing to Randall (68), or phenol, cresols, catechol quinol, 
gallic acid, naphthol, and pyrogallol, according to Balls and 
Hale (9) and Elliot (31), can be readily oxidized by peroxi­
dases and tnus serve to divert the enzyme from another sub­
strate; other compounds such as resorcinol are oxidized not at 
all or at extremely slow rates by peroxidases, but can nonethe­
less inhibit the oxidation of suitable substrates. Direct 
inhibition of peroxidase as the mechanism by which compounds 
inhibit thyroxine synthesis was supported by the finding of 
Astwood (?) that most classes of antithyroid compounds are 
either competitive substrates or inhibitors of peroxidase-
A review of the above data concerning the action of anti­
thyroid compounds leads to the conclusion that these compounds 
act by interfering with the conversion of iodide to iodine, 
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and that the enzyme system responsible for this conversion is 
a peroxidase. It has been noted that, though the peroxidatic 
liberation of iodine is prevented, not ell compounds need 
affect tne reaction in the same way. Although many types of 
reactions seem to be probable in. vitro xvitn certain types of 
inhibitory substances, the most probable mode of notion of 
antithyroid compounds in the intact animal involves an inhibi­
tion of the peroxidase enzyme. 
Goitrogen Feeding Trials 
In a very short time after the identification of potent 
goitrogens, their theoretical use as an aid in fattening of 
domestic animals was realized. Even before this time, the 
importance of the role of the thyroid in regulating the degree 
of fattening was realized as was evidenced by the work of 
Andrews and Bullard (4) on partial thyroidectomy of fattening 
steers. The resultant feeding trials with the synthetic 
goitrogens covered all species and all aspects of feeding per­
formance including growth, efficiency of feed conversion, 
degree of fatness and carcass quality in general. 
Poultry goitrogen feeding trials 
It was realized early that severe alteration of thyroid 
activity in growing poultry to the point that would grossly 
affect carcass quality would also greatly reduce growth rate 
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and feed consumption over a normal feeding period. 
Kempster and Turner (45) showed that feeding a ration 
containing 0.2 percent thiouracil for a period of 16 days 
would not affect rate of gain, feed efficiency or market grade, 
while the same level fed for 36 days would greatly increase 
market grade but severely reduce rate of gain and feed effi­
ciency . 
The disadvantages of the use of thiouracil over long 
periods of time was also borne out by G-lazner and Jull (33) 
who found tnat 0.1 and 0.2 percent thiouracil in the ration 
over a 10-week period resulted in growth depression. 
Andrews end Schnetzler (5) used a range of levels of 
thiouracil from 0.025 to 0.2 per cent of the ration for 8 
weeks. All levels progressively increased thyroid weight with 
tne 0.2 percent level producing thyroid glands weighing 20 
times normal. All levels of thiouracil depressed rate of gain 
while feed efficiency, market grade and fat deposition were 
improved. An increase of abdominal fat deposition to the 
degree of 20 and 40 percent, and an improvement in carcass 
grade was also reported in turkeys by Relneke et. al. (70). 
Blakely and Andrews (19) reported that thiouracil fed to 
young turkeys increased fat deposition while decreasing feed 
efficiency and growth. 
The typical undesirable growth depressing effect of diet­
ary thiouracil was found to be prevented by Morenz and 
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Shaffner (59) when 1 to 3 grams of iodinated protein per 100 
pounds of feed was added to a ration containing 0.2 percent 
thiouracil. 
This undesirable effect has also been partially removed 
by the use of diethylstilbestrol. Henderson et al. (38) re­
ported superior gain, feed efficiency and fattening in turkeys 
that had received a 30 mg. stilbestrol implant and fed a 
ration containing 0.2 percent thiouracil. Similar experiments 
by Robblee e_t al. (71) and Stadelman (76) indicated that di­
ethylstilbestrol partially masked the growth depressing effects 
of thiouracil, while a more rapid fattening was taking place, 
and as before, thiouracil alone typically reduced the rate of 
growth. 
Swine goitrogen feeding trials 
In a 41-day feeding experiment by McMillen et al. (57), 
a level of 0.1 percent dietary thiouracil was observed to 
decrease rate of gain while increasing feed efficiency with 
no differences in carcass quality. These workers noticed a 
breed difference in the response to thiouracil and proposed 
that the degree of response of animals to goitrogens was 
dependent upon their inherent thyroid activity. This breed 
difference was confirmed by Acevedo et al. (l). 
Vander Noot et al. (81) found a high level of thiouracil 
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(0.25 percent of the ration) to "be tne most effective in in­
creasing feed efficiency. They also observed an increase of 
o0 percent in rate of gain with the thiouracil which had not 
been true in other cases. In subsequent work, Vender Moot _et_ 
al. (32) found that the feeding of a 0.5 percent thiouracil 
ration to pigs from weening for 97 days would reduce gain in 
the treated animals to about one third of normal, but still 
maintain somewhat of an advantage in feed conversion. From 
these observations, these workers recommended that thiouracil 
be used only after skeletal growth was completed since they 
had snown that mature hogs could be carried on a 0.25 percent 
thiouracil ration for the last 40 days of fattening without 
retarding rate of gain and with an improved feed conversion. 
Thiouracil fed at a level of 0.25 percent of the ration 
was observed by Acevedo et al. (1) to reduce gain and feed 
consumption to one half normal, decrease feed efficiency 30 
percent and double thyroid gland weight when fed to growing 
pigs for a 51-day period. 
Totally unfavorable results were reported by Beeson et 
al. (14, 15) and Willman et al. (85) for feeding 0.1 percent 
thiouracil to growing and fattening pigs. In addition to a 
depression of feed lot performance, they observed instances 
of severe myxedema in pigs receiving thiouracil. Beeson et 
al• (15) noted that the condition of myxedema could be re­
moved by feeding 0.0088 percent thyroprotein for 1 week 
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after the removal of thiouracil. 
Methyl-thiouracil has been used in fattening hogs by 
Vander Moot et, al. (83) and when fed at a level of 0.05 per­
cent of the ration it proved to be as effective as 0.1 per­
cent thiouracil in increasing feed conversion. Hennaux 
et al. (39) reported that methyl-thiouracil would produce a 
slackening In body development of the pig as would thioura­
cil . 
For fattening of barrows weighing from 140 to 180 pounds, 
Terrill e£ al. (78) suggested that the optimum level of thio­
uracil would be 0*15 percent of the ration. Using this level, 
they found that thiouracil would increase gain and feed effi­
ciency over pair fed controls, but when all animals were full 
fed the only advantage in this treatment was the improved feed 
efficiency. Terrill et al- (79) later stated that there was 
no change in carcass quality due to feeding barrows thiouracil 
for the final 4 weeks of feeding. 
Terrill et al. (79) observed that barrows fed 0.15 percent 
thiouracil showed an increased average daily gain for 2 or 3 
weeks after initiation of the treatment even though the over 
all effect on gains was either zero or negative in this re­
spect. These workers also found that during this period of 
most rapid growing an Increased retention of nitrogen in the 
body took place due to a 0.15 percent dietary thiouracil 
treatment. 
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In a short 28-day feeding period with 0.05 and 0.1 per­
cent thiouracil in the ration, Muhrer et al. (60) showed that 
tne carcasses of the treated animal contained 3 percent less 
fat and 3 percent more water than the controls with the dress­
ing percentages remaining equal. 
From these observations the early increased rate of gain 
due to tniouracil could either be due to an increased nitro­
gen or water retention or probably a combination of both. 
A recent study by Johnson et al. (43) has shown that the 
effect of thiouracil treatment on pigs may be modified or 
changed by differences in environmental temperature. At a 
temperature of 50° F thiouracil was beneficial, whereas it was 
not at 90° F. 
Ruminant goitrogen feeding trials 
Although the response of swine and poultry to goitrogen 
treatment is quite variable, the response of ruminants was 
found to be even more variable with severe unpalatability of 
these compounds adding to the problem. 
Lamb feeding trials. Andrews and Schnetzler (5) observed 
that fattening lambs fed 0.175 to 0.544 grams of thiouracil 
per day and 0.048 to 0.071 grams of thiourea per day through­
out the feeding period resulted in a decreased rate of 
gain in all cases. Feed conversion was unaffected with 
the exception of levels of thiouracil exceeding 0.333 grams 
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per day in which feed conversion was depressed. Both compounds 
were observed to be unpalatable. In a later experiment by the 
same group, Barrick et al. (il) reported that levels of thio-
uracil ranging from 0-21 to 0.63 grams of thiouracil per day 
and 0-03 grams of proplythiouracil per day had no effect on 
average daily gain or feed efficiency. Neither did the thio­
uracil or trie proplythiouracil have any effect on the histol­
ogy of tne thyroid gland. 
A recent feeding trial was carried out with lambs by 
Blair ejt al. ( 17) using a new goitrogen l-methyl-.?-mercapto 
imidiazole or Tapazole. In this feeding experiment, set up 
to study tne effects of Tapazole on lambs with different lev­
els of stilbestrol implants, no effect was evident from 3.75 
mg. of Tapazole per aay on the unimplanted lambs. However 
tnere was a significant increase in rate of gain, over the 
effect of the stilbestrol implant, when this amount of Tapa­
zole was fed to low-level but not high-level stilbestrol im­
planted lambs. 
Cattle goitrogen feeding trials. In a 154-day trial with 
800 pound steers on a fattening ration, Beeson et. al. (13) 
fed levels of 2, 4, and 6 grams of thiouracil per day. These 
treatments had no effect upon growth rate, feed consumption 
or feed conversion. However the 4 and 6 gram levels did in­
crease thyroid weight and tended to increase degree of finish 
and dressing percentage. 
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Favorable results were obtained by Kline et al. (48) 
from feeding thiouracil as 0.2 percent of the grain portion 
of the ration to fattening heifers for 201 days. Thiouracil 
increased rate of gain during the first month and resulted in 
an overall higher efficiency of feed utilization and slightly 
higher carcass grade. The weight of the thyroid glands of 
the treated animals were 2.3 times the controls. In this re­
port, as had been previously found with sheep, thiouracil was 
unpalatable to the heifers. 
Schultze et. al. ( 72) conducted an experiment in which 
levels of 0.035 and 0.065 grams of thiouracil per kilogram of 
body weight were fed to dairy bull calves. These levels of 
thiouracil did not affect rate of gain or feed efficiency, 
however thyroid weight was increased. It is interesting to 
note that they found a negative correlation between thyroid 
size and rate of gain and a positive correlation between thy­
roid size and the percentage of fat in the meet of thlourical-
fed calves but not for the control animals. 
Recent research by Burroughs et al. (23) with 7 grams 
per day of thiouracil, 1.5 grams per day of thiourea and a 
combination of 7 grams of thiouracil and 0.2 mg. of thyroxin 
per day showed that all of these treatments failed to stimu­
late live weight gains over those of the control animals. 
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Live weignt gains as well as economy of gain were actually 
depressed. The addition of an oral thyroxin treatment failed 
to alter tne detrimental effects of orally administered thio­
uracil • 
Recently a new potent goitrogen, l-methyl-2-mercapto 
imidiazole"^ or "Tapazole" as it is more commonly known, has 
received some attention as a feed additive for cattle. One 
trial reported by Pope _et al. ( cb) showed that when this com­
pound was fed at a low level of 150 mg. per day for the last 
100 a ay s to 2-year-old steers, no improvement resulted in rate 
or economy of gain, carcass grade, dressing percentage and 
degree of marbling. Another report from the same station by 
Pope ejfc al. (54) also revealed negative results in relation 
to rate and economy of gain when Tapazole was fed at a level 
of 100 mg. per day in a ration containing stilbestrol for 160 
days to steer calves. 
Low levels of oral Tapazole (148 and 248 mg. per day) 
administered for a period of 95 days to fattening steers re­
sulted in an improvement of federal carcass grade with no 
change in average daily gain as reported by Blair et; al. (18) . 
Comfort et; al. (26) in an experiment with 30 beef steers 
on various levels of protein and hexestrol, administered a 
^Hereafter in this report, l-methyl-2-mercapto imidiazole 
will be referred to as Tapazole. 
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combination of 80 mg. and 125 mg. per day of Tapazole for a 
42 day period. They reported that the oral Tapazole reduced 
rate of gain and feed consumption while an Increased marbling 
was noticed from the goitrogen treatment. 
To the time of this study, as Is evidenced by the litera­
ture, none of the goitrogens studied had given a consistent 
enough or large enough response in any of the aspects of 
feedlot performance or carcass quality to warrant their use 
in the field. As a result, very little practical application 
of goitrogens has been found. 
Thyroid Activity 
Since the release of large amounts of radioactive iodine 
for research purposes, in about 1945, research concerning 
methods of measuring and factors affecting the thyroid gland's 
rate of secretion of thyroxin has been a popular field of 
endeavor. Previous to this time rather crude measures of thy­
roid activity were used in which the weight of the thyroid 
gland was largely the only determining critérium. Dempsey and 
Astwood (28) used as a measure of thyroid activity the main­
tenance or restoration of the thyroid to normal weight by In­
jecting graded doses of thyroxin into rats simultaneously 
treated with massive doses of thiouracil. 
Among the methods used employing radioactive iodine 
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were maximum observed uptake of radioactive iodine by the 
thyroid gland and tne net elimination rate of iodine from the 
thyroid gland• Blincoe and Brody (20) defined the relation­
ship of rate of radioactive iodine uptake end rate of iodine 
secretion from the thyroid gland. They demonstrated that the 
maximum observed uptake was to some degree dependent upon the 
rate of elimination, so therefore maximum observed uptake was 
not an independent function. However, trie maximum theoretical 
uptake could be obtained by extrapolating tne rate of iodine 
elimination to zero time after injection of radioactive iodine 
thus giving an independent estimate of uptake. These same 
workers also pointed out that the apparent rate of elimination 
of iodine from the thyroid gland did not represent true hor­
mone secretion, because some of the thyroxin or thyroxin-like 
radioactive iodine was metabolized and reabsorbed by the thy­
roid even after initial absorption was nil. To eliminate this 
recycling of labeled iodine, some researchers have administer­
ed massive doses of goitrogens and then used the labeled 
iodine elimination rate as a parameter of thyroid activity. 
However the value of this is questionable since the thyroid 
is placed under an unnatural stress in which it is blocked 
from abosrbing any iodine by the goitrogen. 
Tills radioactive iodine method of determining thyroxine 
secretion rate has been refined one step further by Pipes et; 
al. (62). These workers injected rats with radioactive iodine 
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and subsequently administered rraded doses of 1-thyroxin to 
each animal. After each injection, a measurement of the 
amount of radioactive iodine remaining in the gland and 
loi „ protein-bound-iodine loi (PBI ) was taken. They then the­
orized tnat as tne elimination of radioactive iodine by the 
tnyroid and the formation of PBI"^"*" in the blood ceased, that 
tnyroid function had reached a minimum due to the exogenous 
thyroxine dosage that approached the normal secretion rate. 
Tills method also used oral goitrogen treatment to prevent 
iodine recycling. This method of determining thyroxine secre­
tion rate was later adapted to sheep by Henneman e_t al. (40), 
to trie dairy cow by Pipes et si. (6-3) and poultry by Biellier 
and Turner (16). 
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EXPERIMENTAL 
The methods used in this study were many and varied. The 
metnods used to estimate the various parameters were selected 
or devised so e.s to best fit the nature and conditions of the 
problem concerned- The areas of interest were thyroid activ-
ity, metaoolic re te, feedlot performance, carcass quality and 
thyrotropic end growth hormone content of bovine anterior 
pituitary glands. 
Thyroid Activity 
In tnese studies of tnyroid activity of beef steers and 
lambs, the apparent net elimination rate of radio active iodine 
from the thyroid gland and the theoretical uptake of radio­
active iodine by the thyroid gland were used as primary cri­
teria . It was not possible to use any of the other Improved 
techniques of measuring thyroid activity since they all uti­
lized a goitrogenic material and the purpose of these studies 
was to determine the effects of goitrogens on thyroid activity. 
In the first cattle experiment using thiouracil, each 
animal was injected intravenously with 150 micro-curies of 
131 
radioactive iodine (I ) in a volume of 20 ml. This was 
quantitatively rinsed in through a bi-valve apparatus using 
a similar volume of saline. This method of injection is shown 
in Figure 3. 
Figure 2. Technique for radioactive iodine injection 
for steer thiouracil experiment 
Figure 3. Thyroid radioactivity counting technique 
used in all experiments 
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In the subsequent est tie experiment with Tapazole, 60 
micro-curies of labeled iodine was injected intravenously by 
a somewhat different technique. In this case, a "California" 
bleeding needle was inserted into the jugular vein. A plastic 
heparinized catheter was then passed through the needle until 
it extended into the vein after whicn the bleeding needle was 
withdrawn. The isotope and rinse solutions were then injected 
into tne vein via the catheter. In the lamb experiment, 15 
micro-curies of were injected intravenously by the method 
described above. 
After injection of the radioactive iodine, counts were 
taken at various intervals in an area directly exterior to a 
thyroid lobe. This area was defined ,ns the area in the neck 
region displaying the most activity as determined with a 
portable survey rate meter. The counts were then taken with 
a bismuth coated gieger tube coupled to a decimal scaler in 
the manner shown in Figure 3. This method was used in all 
cases with both cattle and sheep. All counts were corrected 
for a background count taken on the rump of the animal. 
From the counting data collected after maximum apparent 
uptake, a regression coefficient was calculated in terms of 
decrease in log of uncorrected activity per day. From this 
regression coefficient was subtracted the regression coeffi­
cient for decrease in log of activity per day due to radio­
active decay. This gave the regression coefficient for cor­
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rected decrease in log of activity per dey due to apparent 
iodine elimination by the thyroid gland. These corrected re­
gression coefficients were transformed to percent decrease in 
iodine content per day for purposes of ease of study. The 
formula used in their conversion was as follows: 
% dec./day = 100 - antilog (°-b9) 
bg = corrected regression coefficient 
Maximum theoretical uptake was determined from the uncor­
rected regression coefficient by the following formula : 
U ( uptake) = antilog ( Y - b-]_ X) 
Y = mean log of activity 
b]_ = uncorrected regression coefficient 
X = mean number of days 
after injection 
Another estimate of thyroid activity used was weight of 
the thyroid gland. This determination was made on experi­
mental animals from tne thiouracil and the Tapazole feeding 
experiments. At time of slaughter, the thyroid glands were 
removed from the animal, disected free of extraneous fatty 
tissue and weighed. Tnis estimate of thyroid activity was 
assumed to be fairly valid due to the correlation established 
by Schultze et al. (72) of thyroid weight and percent of fat 
in tne meat of goitrogen treated animals. 
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Metabolic Rate 
Since the ultimate objective in the use of goitrogens is 
to lower metabolic rate, it was felt necessary to accurately 
determine metabolic rate of lambs that had been on a prolonged 
goitrogen treatment. Tne interest was not only in relation 
to the oral Tapazole treatments, but to relate back changes 
in metabolism to the other parameters of thyroid activity 
wr:ich were measured. 
The most desirable method of measuring the metabolic rate 
of ruminants as described by Brody (21) was one that measured 
both the rate of carbon dioxide production and the rate of 
oxygen utilization simultaneously. This obviously has advan­
tages in that it offers a direct measure of respiratory quo­
tient as well as two estimates of metabolic rate. The meta­
bolic rate indicated by rate of oxygen utilization and rate of 
carbon dioxide production is dependent upon the respiratory 
quotient in that the caloric values of a given quantity of 
either oxygen used or carbon dioxide produced depends upon 
tne respiratory quotient. 
Tne next best method of determining metabolic rate in 
ruminants according to Brody (21) is one in which only oxygen 
utilization is measured and a respiratory quotient is assumed. 
The advantages of this method are that it is independent of 
the anerobic processes of the rumen and, therefore, a deter­
mination can be made at any time with some degree of satis-
35 
faction except, of course, for the specific dynamic effects 
during an absorptive state. 
As evaluated by Brody (21), a measure of carbon dioxide 
production was least desirable for ruminants as a measure of 
metabolic rate because it was subjected to discrepancies due . 
to rumen fermentation. However, Brody (21) states that these 
effects can be minimized by fasting the animal for a period of 
time adequate to allow for almost complete emptying of the 
rumen. 
The metabolic rate in ruminants as well as body tempera­
ture is more variable within short periods of time than that 
of humans or other monogastric animals. This means then that 
a longer determination must be made with ruminants than mono-
gastrics if a true picture is to be obtained. 
With all of these factors in mind, the carbon dioxide 
absorption technique was selected over the oxygen consumption 
technique because of the prohibitive cost of an oxygen con­
sumption apparatus that would run over a long period of time. 
For these determinations a carbon dioxide absorption apparatus 
was designed and built. An overall schematic drawing is shown 
in Figure 4, and this apparatus in operation is shown in 
Figure 6. 
The face mask for the lambs, which is shown in Figure 5, 
was made from the rubber backing of a dust respirator with a 
copper wire mesh molding covered with liquid latex. This mask 
Figure 4. Schematic drawing of metabolism apparatus 
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Figure 5. Face mask used with metabolism apparatus 
Figure 6. Metabolism apparatus in operation 

40 
was fitted with 38 mm. aluminum exhaust end intake ports. 
This mask proved to be satisfactory and was air tight when 
fitted on the animal. 
The direction of the air flow was controlled by two but­
terfly valves which were obtained from the W. E. Collin Com­
pany . These valves are shown intact and broken down to the 
component parts in Figure 9. 
Immediately below the exhaust valve and fitted to a brass 
T tube was a gas expansion balloon. The purpose of this bal­
loon was to assure that the animal was breathing with ease at 
all times. 
The first chamber in which the air was treated was a sul­
furic acid bath for the purpose of removing water from the ex­
pired air. A scale representation of this apparatus is shown 
in Figure 7. Immediately following the sulfuric acid bath 
was another water absorbing cylinder which was packed with 
"drierite", anhydrous calcium chloride and glass wool• This 
cylinder consisted of a 2-foot section of 38 mm. pyrex tubing. 
The use of tne two water absorbers gave assurance that the air 
entering the carbon dioxide absorption cylinders was dry. 
Following the water absorbers were three large carbon 
dioxide absorption cylinders. The dimensions of these cylin­
ders are shown in Figure 8. These cylinders were loosely 
packed with glass wool, asbestos and ascarite. Ascarite, 
which is a commercially available carbon dioxide absorber, is 
Figure 7. Dimensional drawing of water absorption 
apparatus 
B 
A.  3 8 m m .  exhaus t  tube  
B .  P l e x i g l o s s  c o v e r  w i t h  
3 8  m m .  h o l e s  
C.  3 8  m m .  i n t o k e  t u b e  
w i t h  g l o s s  b u b b l e r  
D.  P y r e x  b o t t l e  
D 
Figure 8. Dimensional drawing of carbon dioxide 
absorption cylinder 
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Figure 10. Carbon dioxide absorption cylinder 
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s granular asbestos with a coating of sodium hydroxide. A 
packed carbon dioxide absorber is shown in Figure 10. The 
white areas on the ascarite is where carbon dioxide has been 
absorbed from the air. 
In the reaction of carbon dioxide with sodium hydroxide, 
water is produced and the ascarite is not hydroscopic enough 
to absorb and hold all of the water; therefore, another water 
acsorber was added immediately following the carbon dioxide 
acsorbers- This absorber was a 38 mm. pyrex cylinder ? feet 
long packed with glass wool and a mixture of anhydrous calcium 
chloride and anhydrous magnesium perchlorate• 
A vacuum pump was used to aspirate through the entire 
system since the lamb was not able to breathe through this 
system normally. 
In preparation for a metabolic rate determination, the 
lamb was taken off feed for at least 48 hours before the run. 
A few hours previous to the determination, a spare face mask 
was placed on the lamb to allow the animal to become accus­
tomed to the apparatus before the determination was initiated. 
Each determination was 1 hour in duration, and three determina­
tions were made on each animal. 
All animals were maintained in an insulated, well-venti­
lated room at a temperature of approximately 70° Fahrenheit. 
Rectal temperatures were also taken at the time of each 
determination. 
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After an animal had been on the respiration anparatus 
for exactly 1 hour, the three carbon dioxide absorbers and 
trie final water absorber were removed and weighed on a gram 
balance. Tue increase in weight of these absorbers during 
this period represented the amount of carbon dioxide expired. 
To determine the number of Calories liberated during this 
time, the grams of carbon dioxide produced were multiplied by 
3.325, whicn is the caloric value of a gram of carbon dioxide 
for a respiratory quotient of 0.72 as listed by Brody (21). 
The respiratory quotient of 0.72 was the value listed by 
Dukes (30) for a lamb off feed for 48 to 52 hours. 
Designs and Feedlot Methods 
Steer thlouracil feeding experiment 
This experiment employed eight individually fed Hereford 
steers which weighed approximately 750 pounds at the initia­
tion of the experiment. The individual feeding was carried 
out using halter broke steers and tying the animals to their 
respective feed bunks once daily. They remained tied from 
4 P.M. of each day until the following morning at 10 A.M. when 
they were released for water and exercise. These steers were 
fed a complete high-concentrate fattening ration. The compo­
sition of the basal ration used in this experiment is shown 
in Table 1. The thlouracil additions were in every case pre-
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Table 1- Composition of basal ration for cattle thlouracil 
feeding experiment 
Constituent Percentage 
Ground ear corn 50 
Ground corn cob and molasses8 -30 
Supplement 10 
Soybean oil meal 8 
Urea 0.9 
DiCal 0.5 
Limestone 0.5 
Trace mineral premix 0.03 
Stilbosol 0.06 
Vitamin A*3 0*025 
aContains 10> cane molasses 
^Contains 10,000 units Vitamin A per gram 
mixed with the soybean meal portion of the ration. 
This experiment was so designed as to control as many 
vsriacles as possible in that the primary critérium, which 
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was net elimination rate of radioactive iodine (I ' ) from 
tne thyroid gland, is dependent upon so many different factors 
as temperature, season, age, fatness of the animal etc. To 
accomplish this control the design in Table 2 was used in 
which each animal served as his own control; therefore making 
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Table 2. Treatment sequence of cattle groups within periods 
(gratns of thlouracil per day per animal) 
Period8 
Group 1 2 3 4 
1 0 0 0 0 
2 0 1 5 11 
3 0 3 7 14 
4 0 5 9 20 
aEacn period was of 6 weeks in duration 
^Each group consists of two animals 
tne change from the first period in the various f ac tors 
measured the critérium for analysis. Due to the 1 constant 
changing of levels in groups 2, 3, and 4 from period to 
period, no period effect could be separated statistically, 
but the maintenance of group 1 on the control ration through­
out allowed a visual estimation of this effect. 
The feedlot performance factors measured were rate of 
gain, feed consumption and feed conversion. The cattle were 
weighed at the beginning and end of each period as well as 
any refused feed. 
There was a 1-week break between treatment periods 2 and 
3, and 3 and 4 for the purpose of allowing the thyroid block­
ing action of thlouracil to be partially removed so that an 
adequate uptake of radioactive iodine would occur upon sub­
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sequent injection. Thlouracil administration was resumed in 
every case on the same day as the isotope was injected. 
Lamb Tapazole Thyroid Activity Experiment 
In this experiment IS western shorn lambs with an average 
weight or approximately 65 pounds at the beginning of the ex­
periment were used- These lames were maintained in metabolism 
cages throughout the experiment for purposes of safely dispos­
ing of radioactive feces and urine• The animals were kept in 
an insulated room whose temperature was approximately 70° 
Fahrenheit throughout the experiment. 
Each lamb was fed twice daily 1 1/4 pounds of a complete­
ly mixed ration. The composition of this ration is shown in 
Table 3. 
Limited feeding was practiced to maintain all lames on 
an equal feed intake in order to remove any effect that varied 
feed intake might have on thyroid activity. 
The design and treatment sequence used in this experiment 
are shown in Table 4. This design allowed each animal to be 
compared against itself as well as the determination of any 
period effect on thyroid activity. All lambs were allotted 
randomly to tne treatments. 
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Table 3. Percentage composition of bssal ration used in 
lamb experiment on the effect of Tapazole on 
thyroid activity 
Feed ingredient Percentage 
Alfalfa, ground 20 
Corn cob, grouna 15 
Corn, cracked C
O to 
Soybean meal 5.0 
Molasses 10 
Urea 1.0 
DiCalcium phosphate .25 
Stilcosol8 • 1 
Vitamin D supplement^ .018 
^Contains 1 grsm of diethylstilbestrol per pound 
DContains 3,000 IU Vitamin Dg per gram 
Table 4. Treatment sequence of groups of lambs within 
periods (mg. of Tapazole per day) 
Period3 
Group Control 1 2 3 
1 0 0 0 0 
2 0 4 4 4 
3 0 16 15 16 
4 0 32 32 32 
' 5 0 64 64 64 
6 0 128 128 128 
aEach period was approximately 3 weeks in duration 
^Each group consisted of two lambs 
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Steer Tapazole Experiment Measuring Thyroid Activity 
Four high-quality native Hereford steer calves with an 
approximate weight of 370 pounds each were used in this experi­
ment . These steers were maintained in steel metabolism cages 
throughout the experiment for purposes of adequate disposal 
of radioactive excreta. These animals were also housed in a 
70° insulrted room. The animals were limited fed daily 10 
pounds of a complete mixed ration whose composition is shown 
in Tacle 5. The design and treatment sequence, which is sim­
ilar to tne previous lamb experiment, is shown in Table 6. 
Table 5. Percentage composition of casal ration used in 
steer calf experiment on the effect of Tapazole 
on thyroid activity 
Feed ingredient Percentage 
Molasses and cob8 30 
Cracked corn 60 
Soybean meal 9 
Urea .25 
Stilbosolb .1 
Bicalcium PO^ .4 
Limestone .25 
Trace mineral mix .025 
Vitamin A and D supplement0 (800 gr.) .0001 
^Contains 10/6 molasses 
^Contains 1 gram of diethylstiIbestro1 per pound 
^Contains 10,000 I.U. Vitamin A and 2,200 I.U. Vitamin D 
per gram 
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Table 6. Treatment sequence of steers 
(mg. of Tapazole per day) 
within periods 
Period8 
Steer Control 1 2 3 
1 0 0 0 0 
2 0 300 300 300 
3 0 600 600 600 
4 0 1,200 1,200 1,200 
aEach period was approximately 3 weeks in duration 
Lamb Tapazole Feeding Experiment 
In an experiment to determine the feeding value of vari­
ous levels of Tapazole for lames, 24 western lambs with an 
average weight of approximately 95 pounds were used. 
Prior to starting the experiment the lambs were gradually 
Drougnt to a full feed over a. period of 3 weeks on a handfed 
high corn ration. During the experiment, these lambs were 
self-fed in individual stalls the completely mixed ration 
whose composition is shown in Table 7. Each animal was 
allowed to eat in the stall for two 3-hour periods each day. 
All lamb weights were taken following a. 12-hour shrink 
period, during which time they were not allowed access to the 
feed. Intermediate weights were taken every 2 weeks through­
out the experiment. Also, at the time of weighing, the 
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Table 7. Percentage composition of basal lamb ration used 
in feeding trial 
Feed ingredient Percentage 
Cracked corn 48 .7 
Alfalfa 20 .0 
Corn cobs 15. 0 
Molasses 10. 0 
Soy cean meal 5. 0 
Urea 1. 0 
Dicalcium PO4 .25 
remaining feed in eacn feeder was weighed back. 
The design of trie experiment is shown in Table 8. In 
this factorial experiment two levels of stilbestrol, 0 and 
2 mg• per day, and four levels of Tapazole, 0, 5, 35, and 65 
mg. per day were used. The design was replicated three times 
with replications being designated as three separate pens. 
Table 8. Design used in lamb feeding trial with Tapazole 
and diethylstilbestrol 
Stilbestrol Tapazole (mg./day) 
(mg./day) 0 5 35 65 
0 
2 
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Steer Tapazole Feeding Experiments 
The first Tapazole steer feeding experiment, 639, employ­
ed 30 heavy (975 pounds) Hereford steers, divided into six 
lots of five animals each. Subsequent experiments, 641 and 
642, each used 72 lighter Hereford steers divided into 12 
lots of six animals each who se approximate average live 
weights were 725 pounds and 800 pounds, respectively. 
The steers of experiment 639 were given a full feed of 
cracked corn, 6 pounds of alfalfa hay and 1 pound of a pro­
tein supplement per steer daily. The composition of the pro­
tein supplement used is shown in Table 9. 
Table 9. Percentage composition of supplement used for 
Tapazole cattle feeding experiment 639 
Feed ingredient Percentage 
Soybean mesi 75 
Qmalas 15 
Urea 3 
Dicalcium P04 3 
Limestone 2.5 
Stilbosols 1.0 
Trace mineral mix .5 
^-Contains 1 gram of dietnylstilbestrol per pound 
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In experiment 639, two lots did not receive Tapazole 
while tne remaining four lots received 200, 400, 600 and 800 
mg. per head per day from tne protein supplement. 
The subsequent experiments, 641 and 642, both used a 
feeding system composed of a full feed of corn, 3 pounds of 
long alfalfa hay and 1 pound of protein supplement per day. 
Tne composition of the basal protein supplement for experiment 
641 is shown in Table 10 and the basal supplement composition 
for experiment 642 in Table 11. 
Experiment 641 was set up as a factorial to determine 
the effects of Tapazole and stilbestrol alone and in combina­
tion for fattening steers. This factorial experiment used two 
levels of stilbestrol, 0 and 10 mg. per day, and three levels 
of Tapazole, 0, 300 and 600 mg. per day• The basic design 
Table 10. Percentage composition of supplement of Tapazole 
and stilbestrol cattle feeding experiment 641 
Feed ingredient Percentage 
Soybean meal 78 
Omalase 10 
Urea 5 
Dicalcium PO^  4 
Limestone 2 
Trace mineral mix .5 
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Table 11. Percentage composition of basal supplement for 
Tapazole cattle feeding experiment 642 
Feed ingredient Percentage 
Soybean meal 84 
Omalase 8.9 
Dicalcium PO4 4.2 
Limestone 2.1 
Trace mineral mix .0 
which was replicated twice is shown in Table 12. 
Trie steer feeding experiment 642 employed three levels 
of Tapazole and two different feeding methods of one of the 
levels of Tapazole. The levels of Tapazole used for each of 
three lots were 0, 300, and 600 mg. per head per day• In 
addition to the above mentioned treatments, the three remein-
Table 12. Design used in Tapazole and stilbestrol cattle 
feeding experiment 641 
Tapazole Stilbestrol (mg./day) 
(mg./day) 0 10 
0 
300 
600 
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ing lots received no Tapazole for the first 56 days of the 
experiment and 600 mg• per day during the last 78 days of the 
experiment• 
In all of the cattle feeding experiments, rations were 
weighed daily, and each steer was weighed individually at no 
longer than 4-week intervals in determining live weight gains, 
overall efficiency of feed utilization and feed consumption. 
Tne beginning and ending weights of each steer were estab­
lished by an average of 3 day weights. 
The duration of experiments 639, 641 and 64P were 79, 
176 and 154 days, respectively. 
Carcass Quality 
In evaluating carcass quality, Federal grades were broken 
down by thirds of grades, and dressing percentages were ob­
tained on all lambs end cattle slaughtered. 
In addition to these criteria, tracing of the rib eye 
muscles and fat covering at the 13th rib were obtained from 
all cattle slaughtered. From these tracings, the area of the 
eye muscle was determined using a planimeter. The thickness 
of the fat over the rib eye muscle was determined according 
to the method described by Preston (66). 
Lean, fat and bone separations were made on the 9-10-11 
rib sections of all animals in experiment 639. This physical 
separation was also conducted on these three-rib sections of 
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tne three control lots and the three lots that received 600 
mg. of Tapazole per day in experiment 642. 
A determination of percentage of dry matter and ether 
extract was made on samples of the rib eye muscle of the above 
mentioned rib sections. For these determinations a piece of 
trimmed eye muscle was ground to a paste-like consistency in 
a "silent cutter" grinder. From this ground material, two 
5-gram samples were taken and placed in weighed paper ether 
extraction thimcles• The thimbles and meat were then dried at 
80° Centigrade and the percent of dry matter determined. 
These same dry samples were then ether extracted for 12 hours, 
dried and weighed for the purpose of determining percent ether 
extract of the rib eye muscle samples. 
Before physical separation of the three-rib sections of 
experiment 642, specific gravity of this section was deter­
mined . This was accomplished by first weighing the rib sec­
tion in air and then weighing the rib section in water with 
tne same temperature as tne meat. These data were then placed 
in the following formula for calculating specific gravity. 
specific gravity , Melgnt in water 
Growth Hormone and Thyrotrophic Hormone Assay 
It was of interest to study the effects of orally admin­
istered Tapazole on the growth hormone and thyrotrophic hormone 
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concentration of the bovine pituitary. The primary interest 
lay in the growth hormone since the report by Streumpler (77) 
associated the growth response due to stilbestrol with in­
creased growth hormone secretion. Therefore since it we s felt 
advantageous to conduct an assay for both growth hormone and 
thyrotrophic hormone and since the amount of pituitary tissue 
available was limited, it was decided to use the same labora­
tory animal for both determinations. 
The accepted method for growth hormone assay of Greenspan 
et al. (35) employed the hypophysectomized rat. Therefore a 
thyrotrophic hormone assay had to be developed using the hypo-
physectomized rat. 
There have been many types of assays proposed for thyro -
trophic hormone. Some of these employed the chick in which 
the response to a series of injections of dried pituitary re­
sulted in an increase in thyroid weight and uptake of radio­
active iodine by the thyroid gland. Another method used by 
Perry (61) employed the determination of the rate of loss of 
radioactive iodine from the thyroid gland of the normal intact 
rat. However, none applied to the hypophysectomized rat. 
It was reported by Wolff (86) that thyrotrophic hormone 
would increase the iodine concentrating power of the thyroid 
gland in the intact animal. Randall and Albert (69) reported 
that at 6 days after hypophysectomy the uptake of radioactive 
iodine by the rat thyroid was only 12 percent of normal. With 
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these two facts to go on, a preliminary assay was set up in 
which tne criteria for thyrotrophic hormone would be weight 
of the thyroid and uptake of radioactive iodine by the thyroid 
of the hypophysectoraised rat, following a series of five daily 
injections of either saline, or 500 or 600 micrograms of dried 
bovine anterior pituitary. The dose levels used were within 
tne range of those used in the rowth hormone assay as employ­
ed by Streumpler (77). The rats were sacrificed 94 hours 
after the last injection of anterior pituitary powder and 24 
hours after the injection of .5 micro-curie of radioactive 
131 iodine (I ), wnicn allowed adequate time for maximum uptake 
by tne thyroid which, according to Albert (?), takes olace in 
from 24 to 30 hours in the rat. All injections were intra­
peritoneal and of a volume of either 1/4 or 1/2 milliliter. 
At sacrifice the thyroids were dissected out and the 
tibia of the right rear leg was removed and trimmed free of 
tissue. The thyroids were then weighed, placed in a 1 dram 
vial for counting in a scintillation counter-
Tne tibia was split, and stained according to the method 
listed by Greenspan et al. (35). The width of the unealeifled 
epiphysis of the proximal end of the tibia was measured using 
a microscope with a calibrated eyepiece micrometer. 
This preliminary assay revealed that there was a lineal 
relationship between log of daily dose of anterior pituitary 
powder and total uptake of radioactive iodine by the thyroid 
gland, and no relation between dose and thyroid weight. The 
same relationship held true for log of dose and width of the 
epiphysis of the tibia. This indicated then that using the 
above described method would effect a reasonable assay for 
both growth. hormone and thyrotrophic hormone. 
Therefore, the pituitary glands from steers of experiment 
So9 were trimmed and the anterior pituitary removed and 
weighed. Tne anterior pituitary was then dried in acetone for 
2 days and subsequently dried for 1 oay in a vacuum desiccator 
over sulfuric acid. 'The anterior pituitary from animals in 
the same lot were then pooled and ground into a fine powder. 
This powder was divided into five portions and placed in sus­
pension with a high speed homogenizer at a concentration of 
800 micrograms per milliliter and immediately frozen. These 
suspensions were kept frozen until the time of injection. 
This assay employed 56 hypophysectoral zed rats in a four 
point parallel line design. The standard curve for growth 
and thyrotrophic hormone was established on the same two 
groups of rats. One standard group of six rats received a 
daily dose of 20 micrograms of growth hormone and 1/8 of a 
unit of thyrotrophic hormone, while the other group of six 
received 40 micrograms of growth hormone and 1/4 of a unit of 
thyrotrophic hormone daily. Two groups of either five or six 
rats were used on each anterior pituitary preparation. One 
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group received 200 and the other 400 micrograms of dried 
anterior pituitary. 
Due to tne limited number of rets, only the anterior 
pituitaries from the cattle that had received 400, 600 and 800 
mg. of Tapazole per day were assayed. 
Tne injection, sacrifice, dissection, staining end count­
ing procedures were the same es in the preliminary assay with 
the exception that only a rough dissection wes made on the 
thyroid and no thyroid weight, was determined. 
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RESULTS 
Effect of Thlouracil on Thyroid Activity 
and Feedlot Performance of Steers 
The primary purpose of this experiment was to evaluate 
the effects of different levels of orally administered thlo­
uracil upon the thyroid activity of steers using net elimina­
tion rate of radioactive iodine (I^"M from the thyroid gland 
and theoretical uptake of radioactive iodine by tne thyroid 
gland . 
Thyroid activity 
The curve shown in Figure 11 is s typical iodine uptake 
and secretion curve for the steers used in this experiment. 
The net daily percent decreases in thyroid iodine content 
of the thyroid glsnd of these steers over the various treat­
ments and periods are presented in Table 15. Generally, these 
observed values were fairly uniform throughout the entire 
trial. There was some tendency toward differences due to 
periods; however, it is doubtful that these are true differ­
ences as evidenced by the confidence limits of each value. 
These period differences have no logical explanation due to 
temperature or season, because the first 6-week period was in 
January and February, the second in February and March, the 
third in April and May, and the last period in May and June. 
Figure 11. Typical radioactive iodine uptake and elimination 
curve for a steer 
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Table 13. Net dally percent decrease in thyroid I x content 
of steers receiving different levels of thlouracil 
Period 
Group 1 2 3 4 
Ta 
1 
0 
3. 35+1.06b 
0 
2.80+.67 
0 
2 .82+1.18 
0 
3 . 67+1.59 
T 
2 
0 
3. 09+.96 
1 
2.46+. 88 
5 
2 .20+.79 
11 
2 .60+1.31 
T 
3 
0 
3. 38+1.11 
3 
1.39+.72 
7 
2 .60+1.30 
14 
2 « 53+1.51 
T 
4 
0 
3. 25+1.36 
5 
1.94+1.63 
9 
2 .46+.99 
20 
3 .95+3.45° 
^Thlouracil treatment In gms./day 
confidence limits 
cData from only one animal 
The temperature and length of daylight hours were therefore 
increasing at all times from the beginning of the experiment 
to the end. 
The only possible indication of a treatment effect is the 
3.95 percent decrease in iodine content per day In the animal 
receiving 20 grams of thlouracil per day in the final period. 
However, even if this is a real increase, which the confidence 
limits do not indicate, it was only a very slight increase and 
probably of no importance in effecting the animals' metabolic 
rate. 
The overall averages of the net elimination rates for 
the controls and two treated groups are presented graphically 
69 
in Figure 12. These data show the control animals to be 
eliminating iodine from their thyroids at a faster rate than 
the thlouracil treated animals. This is contrary to what we 
would expect, and since the differences are so small, there 
is undoubtedly no difference in iodine elimination rate be­
tween any of these three groups. 
The average theoretical uptake of radioactive iodine for 
tae various groups within periods are shown in Table 14. Up­
take is inconsistent with the treatments, although thlouracil 
treatments definitely show an effect in decreasing the iodine 
fixing power of the thyroid gland. This effect, although evi­
dent in every case of thlouracil administration, does not 
change a great deal with the magnitude of the daily dose. 
The differences indicated by the theoretical uptake data 
should not be over-emphasized as indicators of a drastically 
altered thyroid activity, because this is not an indication of 
rate of thyroxin secretion, as were the net elimination rates 
presented previously. Another point to bear in mind is that 
the uptake of radioactive iodine by the thyroid gland cannot 
be determined with the same confidence as the elimination rate 
since it is not as reproducable because it is affected by so 
many dietary and environmental factors. Some of these factors 
are previous treatment, size of radioactive iodine dose, and 
time and amount of dietary intake. 
The average thyroid weights of the animals which received 
13~L Figure 12. Average I net elimination rates for three groups 
of steers on thlouracil feeding experiment 
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Table 14. Average uptake in counts per minute of radio­
active iodine by the thyroid gland of steers 
receiving different levels of thlouracil 
Groupé 
Period9 
1 2 3 4 
TC 
1 
0 
23,500 
0 
21,400 
0 
24,100 
0 
29,000 
i. 
2 
0 
19,700 
1 
10,600 
5 
15,000 
11 
14,900 
T 
5 
0 
22,600 
3 
9,400 
7 
19,200 
14 
18,100 
T 
4 
0 
19,900 
5 
12,100 
9 
15,400 
20 
12,800 
aEach period was approximately 6 weeks in duration 
^Each group consisted of two animals 
^Treatment in grams of thlouracil per day 
the oral thlouracil treatments were for all practical purposes 
equal to those of the control animals. These weights are 
presented in Table 15. This is contrary to other reports in 
the literature as Kline et al. (48) who reported an increase 
in the weight of the thyroid of up to 2.3 times normal due 
to prolonged oral thlouracil treatment. 
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Table 15. Average thyroid weight of steers receiving 
different levels of thiouracil 
(gr. TU/day) 
Treatments Thyroid weight 
(gr.) 
0, 0, 0, 0 92.8 
0, 1, 5, 11 
0, 3, 7, 14 
0, 5, 9, 20 22.1 
24.1 
27.5 
Feedlot performance 
Tne average daily gains of the groups of steers within 
the various periods are shown in Table 16. The rate of gain 
was apparently increased by the tniouracil treatment in the 
second and third periods. Also, the rate of gain was ob­
viously depressed by the 20 gram per day level of thiouracil 
in the final period. It is difficult to attribute any of 
tnese changes in rate of gain to the thiouracil treatment 
mainly because tnis experiment employed too few animals for 
a proper evaluation of the feeding value of thiouracil, and 
secondly because the levels used had no apparent effect on 
thyroid activity. One exception is the case of the decreased 
rate of gain which can be attributed to thiouracil treatment, 
not due to a depression of thyroid activity, which did not 
occur. This depression in food intake was believed due to 
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Table 16. Daily gain of steers receiving different levels 
of thiouracil (lbs./dayj 
Period 
Group 1 2 3 4 
Ta 0 0 0 0 
1 2.62 1.73 3.03 1.80 
T 0 1 5 11 
2 2.39 ".05 3.57 1.94 
T 0 3 7 14 
3 2.46 1.91 3.00 1.45 
T 0 5 9 20 
4 ^.46 2.09 3.35 0.78 
^Thiouracil treatment in gms./day 
the unpalatable nature of the thiouracil. 
The average amount of feed consumed by groups of animals 
witnin periods is presented in Table 17. A large depresssion 
in feed consumption of 25 percent was observed with the 20 
gram per day dose of tniouracil. Although the table does 
not indicate the unpalstability of thiouracil at the other 
levels used, the animals were observed to separate out and 
eat tne corn and cob portion of the ration and leave the soy­
bean portion which contained the thiouracil in the feed bunk. 
Tnis Decame more of a problem as the level of thiouracil in 
the ration was increased. 
Tne feed conversions for the groups of animals within 
periods are presented in Table 18. Although there are some 
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Table 17. Feed consumed by steers receiving different 
levels of thiouracil (lbs./day) 
Period 
Group 1 2 3 4 
IJI8-
1 
0 
19.7 
0 
23.1 
0 
22.2 
0 
23. ,1 
T 
2 
0 
19.6 
1 
22.4 
5 
22.9 
11 
22. .3 
T 
3 
0 
21.1 
3 
22.8 
7 
23.1 
14 
2?. 6 
T 
4 
0 
19.2 
5 
21.0 
9 
20.8 
20 
17. 3 
aThiourscil tree tment in gms. /day 
Table 18. Average feed conversion of steers receiving 
different levels of thiouracil (lbs. of feed 
per lb. of gain) 
Period 
Group 1 2 3 4 
TS 
1 
0 
7.5 
0 
13.4 
0 
7.3 
0 
12. 8 
T 
2 
0 
8.2 
1 
10.9 
5 
6.4 
11 
11. 5 
T 
3 
0 
8.6 
3 
11.9 
7 
7.7 
14 
15. 5 
T 
4 
0 
7.8 
5 
10.0 
9 
6.2 
20 
22. 2 
^Thiouracil treatment in gms./day 
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apparent differences, these are of little importance since 
tne periods were so snort end since only s very few animals 
were used. Again, however, it is well to point out that the 
amount of feed required per pound of pain in the case of the 
animals receiving 20 grams of thiouracil per day in the final 
period was greatly increased due probably to the unpalatable 
nature of tne thiouracil in the ration. 
Carcass quality 
There nave been many reports in tne literature to the 
effect that tniouracil has a tendency to increase carcass 
grade and fatness. Although the numcers used in this experi­
ment were insufficient to evaluate properly its effect on 
carcass quality, some determinations were made. The summary 
of these results is snown in Table IS. Generally, dressing 
Table 19. Carcass evaluation of steers receiving different 
levels of thiouracil 
Treatments 
(gr.TU/day) 
Dressing 
percentage 
Carcass 
gradea 
Rib eye 
area 
(sq.in.) 
Fat thickness 
over rib 
(in.) 
o
 
o
 
o
 
o
 
59,9 10.0 13.6 1.06 
0,1,5,11 60.4 8.5 12.3 • 81 
0,3,7,14 61.1 9.5 12.7 1.01 
0,5,9,20 59.2 9.0 11.1 .75 
a10 = choice, 9 = low choise and 8 = high good 
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percentage was unaffected, by thiouracil while carcass grade, 
thickness of fat over the rib section and area of the rib eye 
muscle were decreased by tnis treatment. 
Effect of Tapazole on Thyroid Activity of Steers 
The negative results obtained with thiouracil in attempt­
ing to alter thyroid activity, and the unpalatable nature of 
the material made it clear that either a much more potent or 
more palatable goitrogen would have to be used if orally 
administered goitrogens were to be used to alter thyroid 
activity. Tapazole, wnich is a goitrogen with approximately 
40 times tne potency of thiouracil, was then selected for fur­
ther study. 
A preliminary palatability study was conducted on three 
steers. Tnis trial indicated that Tapazole vas palatable up 
to a level of at least 2,000 mg. per head per day, which is 
equivalent on a goitrogen basis to 80 grams of thiouracil per 
head per day. Since this material proved to be palatable 
and it was known to be a potent goitrogen, it was deemed 
worthy of further study. 
In an experiment to determine the effects of Tapazole 
on thyroid activity of steers, the net elimination rate of 
iodine from the thyroid gland was found to be increased up 
to five times normal with the administration of 1,200 mg. 
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of Tapazole per day, as shown in Table 20. The 300 and 600 
mg. levels were also observed to double their rate. 
These differences may be more easily recognized in Table 
21, which shows the changes in net elimination rate from the 
control to experimental periods. These data Indicate that 
the duration of administration probably has no effect on the 
two high levels, while the effects of the lower level of 
Tapazole build up with time. 
1 gn 
Table 20. Net daily percent decrease in thyroid I 
content of steers receiving different levels 
of Tapazole 
Period 
Steer Control 
ijS 0 0 0 0 
1 5.47 6.02 8.50 3.90 
T 0 300 300 300 
2 6.20 7.54 13.40 7.70 
T 0 600 600 600 
3 6.94 11.94 12.15 7.39 
T 0 1,200 1,200 1,200 
4 6.20 29.68 31.74 — 
^Treatment in mg. of Tapazole per day 
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Table 21. Change in net 
content from 
change due to 
daily percent 
control period 
period 
decrease in 
and adjusted 
iodine 
for 
Period 
Steer 1 2 3 Average 
ijiS 
1 
0 
0 
0 
0 
0 
0 0 
T 
2 
300 
0.79 
300 
2.17 
300 
3.15 2.04 
T 
3 
600 
4.45 
600 
2.18 
600 
2.02 2.88 
T 
4 
1,200 
22.93 
1,200 
22.51 
1, 200 
22.72 
^Treatment in mg. of Tapazole per day 
An analysis of variance,3 which was conducted on the 
differences from the control period in the elimination rate, 
indicated that the treatment effects on this parameter were 
highly significant. The effects of the 1,200 mg. per day 
administration were significantly greater than those of the 
600 mg. level. 
The relative theoretical uptake of the thyroid glands 
of tne steers within period? are shown in Table 22. The 
uptake data are quite erratic and though these values show 
2All statistical treatments were handled according to 
the methods of Snedecor (75) and all analysis of variance 
tables are presented in the Appendix. 
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1 %-| Table 22. Uptake of I by the thyroid of steers receiving 
different levels of Tapazole (counts per minute) 
Period 
Steer Control 1 2 3 
QlS 0 0 0 0 
1 22,500 13,000 17,000 11,000 
T 0 300 300 300 
2 11,000 14,000 24,000 10,000 
T 0 600 600 600 
3 25,500 9,300 5,700 3,600 
T 0 1,200 1,200 1,900 
4 25,000 25,025 7,300 
^Treatment in mg. of Tapazole per day 
instances of a decreased uptake of radioactive iodine due to 
Tapazole treatment, this is not s consistent effect. This 
again points up the great variability inherent in the uptake 
of radioactive iodine by the thyroid gland. This value is 
dependent upon other uncontrollable factors previously men­
tioned. 
Effect of Different Levels of Tapazole on Thyroid 
Activity and Metabolic Rate of Lambs 
A wide range of levels of orally administered Tapazole 
was used'in this experiment in an attempt to establish s min­
imum level of Tapazole that would effectively alter thyroid 
activity and possibly metabolic rate. 
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Thyroid activity 
The uptake and secretion pattern of iodine in the thyroid 
of the lambs as shown in Figure 13 was found to be very sim­
ilar to that of the steer. The lamb usually reached its 
apparent maximum uptake of labeled iodine in 2 to 3 days as 
compared to 4 or 5 days for trie steer, and the rate of elimin­
ation was generally somewhat faster tns.n that observed in 
heavier steers. 
The net elimination rates of iodine from tne thyroid 
gland shown in Table 23 show only sporadic effects due to 
tne oral Tapazole treatment. The most dramatic increase in 
this elimination rate occurred in lamb 5A whicn received 64 
mg. of Tapazole per day in which this rate was increased to 
almost three times normal. Other smaller and less definite 
increases occurred in lamb 2A receiving 4 mg. of Tapazole per 
day where the net elimination rate increased from 6.7 to 10.7 
percent, in lambs 6A and SB receiving 128 mg. per day where 
the increase was from 5.7 to 9.8 percent and from 6.9 to 9.8 
percent, respectively. 
It is not immediately apparent why these few selected 
animals, irrespective of treatment, gave increases in net 
elimination rate of iodine from the thyroid gland, while a 
general trend in respect to treatments was not present. How­
ever, upon close examination of the data, it is found that 
Figure 13. Typical radioactive iodine uptake and elimination 
curve for lambs used in Tapazole experiment 
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131 Table 23. H et daily percent decrease in thyroid I 
content of lames receiving different levels 
of Tapazole 
Period" 
Lamb Control 1 2 3 
TC 0 0 0 0 
1A 3.69 4. 01 5 .50 6.09 
13 5.20 5. 99 — — 6.89 
Average 4.44 5 .00 5 .50 6.45 
T 0 4 4 4 
2A 6 • 66 5. 43 10 .65 10.74 
Average 6.56 5 .43 10 .65 10.74 
T 0 16 16 16 
3A 4.73 7. 37 7 .52 off feed 
oB 9.23 2. 98 6 .92 5.94 
Average 3.46 5 .17 6 .87 5.94 
T 0 32 32 32 
4A 4.53 4. 90 8 .02 6.75 
4B 4.61 4. 66 7 .33 5.70 
Average 4.67 4 .78 7 .68 6.92 
T 0 •54 64 64 
5 A 6.59 19. 11 19 .00 20.60 
5B 2.43 2 • 51 2 .93 5.82 
Average 4.51 10 • 81 10 .96 13.21 
T 0 128 128 128 
6A 5.59 5. 12 8 .05 7.80 
5B 6.19 9. 50 6 .08 9.83 
Average 5.94 7 .31- 7 .06 8.82 
aEach period 3 weeks in duration 
^Tapazole treatment in mg. per day 
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these four lames hsd tne highest net elimination rates during 
tne control period. This would suggest then that lames with 
a faster thyroxin secretion rate would be more susceptible to 
goitrogen treatment than lambs whose thyroid was less active. 
This is not entirely unfounded, because Pipes et al. (63) has 
snown tnat one gram of thiouracil per 100 pounds of body 
weight will drastically increase tne elimination rate of 
iodine from the thyroid gland of dairy cattle, whose normal 
net elimination rate is approximately a 6 percent decrease in 
iodine content per day. In a previous experiment in this re­
port, thyroid activity of beef cattle was unaltered by thio­
uracil treatment even up to almost 2 grams per 100 pounds of 
oody weight. However, the average net elimination rate of 
mature beef steers, which was approximately ? - 5 percent de­
crease in iodine content per day, is much lower than that of 
tne dairy animal. Therefore, this would appear to support 
the differences in response of the lambs to the goitrogen 
treatment. 
The uptake data presented in Table 24 show little or no 
effect from the oral Tapazole treatments. However, it is 
interesting to note that in the case of lamb 5A, whose net 
elimination rate of iodine from trie thyroid was grossly 
increased by the Tapazole treatment, an uptake lower than 
that of the control period was observed in periods 1, 2 and 
3. 
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Table 24. Uptake of 
receiving 
1 51 
radioactive iodine (I ) of 
different levels of Tapazole 
1 amb s 
Period'" 
Animal Control 1 o 3 
Tb 
1A 
IB 
0 
6,600 
7,370 
0 
6,170 
6,200 
0 
9,150 
0 
3,360 
5,500 
Average 6,980 6,200 9,150 4,430 
T 
2A 
0 
7,940 
4 
5,620 
4 
9,990 
4 
4,190 
Average 7,940 5,620 9,990 4,190 
T 
5A 
Oti 
0 
5,380 
11,280 
IS 
5,440 
6,420 
16 
11, 530 
10,020 
16 
7,020 
Average 9,830 5,930 10,780 7,020 
T 
4A 
4B 
0 
8,320 
7,950 
32 
4,313 
4,040 
32 
10,590 
13,620 
32 
6,660 
7,790 
Average 8,140 4,180 12,100 7,220 
T 
5A 
5B 
0 
5,050 
12,830 
64 
2,530 
7,770 
64 
4,750 
14,160 
64 
3,980 
9,600 
Average 9,440 5,150 9,460 6,790 
T 
6A 
SB 
0 
6,060 
11,520 
128 
2,520 
5,170 
128 
11,200 
12,370 
128 
9,480 
11,320 
Average 8,790 4,340 11,780 10,400 
aEach period 3 weeks in duration 
bTapazole treatment in mg. per day 
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Metabolic rate 
In an attempt to evaluate the significance of tne differ­
ences observed in thyroid activity by the techniques using 
radioactive iodine, metabolic rates of tne lambs were deter­
mined . 
These metabolic rates in Table 25 are reported as total 
Calories per day and Calories per kilogram per day. There 
are obviously no gross differences in metabolic rate as deter­
mined by this method. Tne reported values of 55.5 and 53.6 
Calories per kilogram per day, respectively, for the lamb 
wnich had received 4 mg. of Tapazole per day and one of the 
lames which had received 32 mg. per day, were obviously not 
due to treatment effect. These two particular lambs were 
very uneasy during the determination of metabolic rate and 
would not adjust to the apparatus. 
Exclusive of the two above mentioned values, the measures 
of rates of metabolism appear to be quite uniform and there­
fore give some confidence to the methods used. 
Along with the observed metabolic rate, a calculated 
basal metabolic rate is also shown in Table 25. The observed 
metabolic rates .ere in every case higher than the calculated 
values. This is not too surprising since even though the 
animals were for tne most part in a post absorptive state, 
they were all standing during the determination and therefore 
Table 25. Metabolic rate and rectal temperature of lambs receiving different 
levels of Tapazole 
Treatment 
Metabolic rate Metabolic rate Calculated BKRa Rectal temp, 
(Cal./day) (Cal./kg./dey) (Cal./kg./day) ( T.) 
0 
0 
Average 
1250 
1333 
1241 
29.0 
34.5 
31.7 
27.3 
2%.3 
27.8 
102 .0 
101.8 
101.< 
Average 
2088 
2088 
53.5 
53.5 
28.0 
28.0  
102.7 
102.7 
16 
16 
Average 
1556 O b .  D  27.4 102.0 
32 
32 
Average 
2261 
1317 
1789 
53.6 
30.5 
42.0 
97.5 
27.3 
27.4 
103.0 
101.8 
102.1 
64 
64 
Average 
1636 
1370 
1503 
37.9 
36.4 
37.1 
27.3 
2 3.3 
27.8 
102.4 
101.8 
102.1 
128 
128 
Average 
1476 
1596 
1536 
30.3 
37.8 
36.6 
27.5 
27.5 
103.0 
102.2 
102.6 
aBMR = 70 VI 3/4 
^Mg. of Tapazole per day 
some muscular fctiv.ity exclusive of that necessary for sur­
vival was taking place. Resting metabolic rates for 41.2 
to 45.6 kilogram lambs were reported by Brody (21) to range 
from 43.2 to 4u.1 Calories per kilogram per day, while the 
same report listed basal metabolic rates for the same weight 
range of lambs to run from 2o.? to 26.8 Calories per kilogram 
per day. It is obviously difficult to classify the determina­
tion made in this experiment, because the conditions main­
tained, or the observations made, do not duplicate those 
for either basal or resting metaoollsm. It would appear to 
be very difficult to maintain a lamb in a natural condition 
of virtually no muscular activity while making a determina­
tion of metabolic rate. 
Rectal temperatures taken at the tine of metabolic rate 
determination in Table 25 show virtually no differences due 
to treatment. However, there is a tendency for these temper­
atures to parallel the observed rates of metabolism. 
Effect of Different Levels of Tapazole and Stilbestrol 
on Feedlot Performance, Carcass Quality 
and Thyroid Weight of Lambs 
The levels of Tapazole, 0, 5, 55, and 65 mg. per head 
per day, were somewhat lower than the levels that would have 
been selected if the information gained in the previous lamb 
experiment had been available at the beginning of this feed­
90 
ing trial. However, at that time no information was available 
as to feeding value of Tapazole to lambs with the exception of 
one report by Blair et _al. (17), who used a very low level 
of o.75 mg. per day. 
Feedlot performance 
The average daily gain of the various groups of lambs 
shown in Figure 14 indicate that Tapazole when fed in a ration 
not containing stilbestrol tends to reduce rate of gFin. The 
high level of Tapazole reduced averare daily gain by 22 per­
cent as compared to the negative controls. 
Stilbestrol, when fed alone, did not increase rate of 
gain ; in fact, rate of gain was slightly depressed. However, 
the combination of stilbestrol and tne two lower levels of 
Tapazole resulted in a stimulation of rate of gain. 
An analysis of variance of average daily gain revealed 
no significant treatment effects; however, the quadratic por­
tion of the Tapazole and stilbestrol interaction did approach 
significance. This effect is evident from a visual examina­
tion of tne data. The interaction between Tapazole and stil­
bestrol may, in fact, be a true effect in that Blair et^  al • 
(17) reported a similar significant quadratic interaction 
between Tapazole and stilbestrol while the separate Tapazole 
treatment effect was not significant. 
Figure 14. Average daily gain of lambs receiving different 
levels of Tapazole and stilbestrol 
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The feed consumption and feed conversion in Figure 15 
generally show the same effects as were evidenced by the aver­
age daily gains. Tapazole and stilbestrol when fed alone de­
creased both feed consumption and feed efficiency, while a 
combination of stilbestrol and low levels of Tapazole im­
proved these factors. It is interesting to note that even 
though feed consumption end rate of gain were depressed by a 
combination of 2 mg. of stilbestrol and 65 mg. of Tapazole, 
feed efficiency was actually improved over the use of 65 mg. 
of Tapazole alone. This would suggest a true goitrogenic 
effect in this case with stilbestrol actually enhancing the 
goitrogenic properties of Tapazole. This is also suggested 
by the weight of the thyroid glands, which will be discussed 
later-
Carcass quality 
The carcass grades of these lambs reported in Table 26 
showed that on the average stilbestrol and Tapazole both de­
creased Federal carcass grades. There was an Inverse relation­
ship between rate of gain and carcass grade with all levels of 
Tapazole and stilbestrol with the exceptions of the two lots 
receiving the 65 mg. level of Tapazole. This would offer 
some slight suggestion of a true goitrogenic effect from the 
Tapazole treatments. 
Figure 15. Average dally feed consumption and feed conversion 
for lambs receiving different e mounts of Tapazole 
end stilbestrol 
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Table 26. Carcass grades and dressing percentages of lambs 
fed different levels of Tapazole and stilbestrol 
Tapazole (mg./day) 
bestrol 
(mg./day) 
0 D 35 65 
Average CG-& Dr.;, CG- Dr CG Dr CC- Dr. 
0 
8.7 3.7 9.0 8.3 8.9 m
 
01 xh 
55 .4 51 . 8 5 4 .  0 52.2 
9 .3 8.0 8.3 c .5 b .5 
2 51.8 49 .5 49 . 5 5 1 .  2 50.4 
Average 
9.0 CD
 
CD
 
8.G 8.3 
5 1 . 1  49 .8 50 .0 52. 6 
ati = low choice, 8 = high good, 7 = average good 
The dressing percentages also presented in Tpble 26 show 
a possible depression due to stilbestrol administration and 
no consistent effect from Tapazole. It must be remembered 
t.Tst the numcer of lambs used in this trial was so small 
that little confidence can be placed in this carcass evalu­
ation. 
Thyroid activity 
Thyroid activity as affected by Tapazole and stilbestrol 
was evaluated in this experiment solely on the basis of total 
thyroid weight. The averages of these weights in Table 27 
snow a slightly increasing thyroid weight as the amount of 
dietary Tapazole was increased. 
This increase in thyroid weight with Tapazole treatment 
9?  
Table 27. Weight in grams of thyroid glands from lambs fed 
different levels of Tapazole and stilbestrol 
Stilcestrol Tapazole (me./day) 
(mg./aay) 0 5 35 65 Average 
0 3.21 3 .78 5.64 4.96 
2 2.85 3 
CO 1—
1 
5.93 14.11 
Average 3.03 3 .47 5.78 9.53 
was more consistent when fed with stilbestrol. In fact, the 
tnyroids from tne stilbestro1-fed lambs averaged 48 percent 
heavier than tnose of lambs that had not received stilbestrol. 
i'his suggests, as was mentioned before, a positive goitrogen 
interaction with Tapazole and stilbestrol. 
The variation in size of thyroid gland within groups was 
great as is evident from the pictures of these glands in 
Figures 15 and 16. Due to this great variability, none of 
tne treatment effects was significant statistically. 
Effect of Different Levels of Tapazole on Feedlot 
Performance, Carcass Quality, and Thyroid 
Activity in Steers from Experiment 539 
In this experiment feeding levels of 200, 400, 600 and 
800 mg. levels of Tapazole were investigated. It had been 
observed in a previously described experiment that thyroid 
activity as measured by the radioactive iodine technique 
was effectively altered by levels of 300, 600, and 1,200 mg. 
Figure 16. Thyroid glands from lambs receiving different 
amounts of Tapazole and stllbestrol 
Control 5. 2 mg. stllbestrol 
2. 5 mg. Tapazole 6. 5 mg. Tapazole and 
2 mg. stllbestrol 
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Figure 17. Thyroid glands from lambs receiving different 
amounts of Tapazole and stllbestrol 
3. 35 mg. Tapazole 7. 35 mg. Tapazole end 
2 mg. stllbestrol 
4. 65 mg. Tapazole 8. 65 mg. Tapazole and 
2 mg. stllbestrol 
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of orally administered Tapazole per steer per day. 
Feedlot performance 
All levels of Tapazole in tnis feeding experiment result­
ed in a dramatic increase in rate of gain very early in the 
feeding period. The rates of gain with respect to time are 
shown graphically in Figure 18. 
The degree of weight gain stimulation from the Tapazole 
treatment decreased steadily throughout the trial; however, 
in all cases the treated lots maintained rates of gain higher 
than the control lots • Tne rate of decrease in response 
appeared to be most rapid with the high 800 mg. per day level 
of Tapazole, with this group holding only a very slight advan­
tage in this r^spect at the end of the trial. On the average 
the Tapazole-fed animals gained at a 10 percent faster rate 
tnan the controls, while at the 600 mg. per day level a max­
imum increase of 20 percent in rate of gain was observed. 
Tapazole treatment over a 79 day period also stimulated 
increased feed consumption 8 percent on the average and feed 
efficiency 7 percent on the average. The feed consumption 
and feed conversion of the various groups are shown in Figure 
19. 
The results obtained in this short feeding experiment 
with Tapazole were contrary to generally accepted ideas of 
a. true goitrogen response. Generally, in previously reported 
Figure 18. Average daily gain of steers on Tapazole feeding 
experiment 639 
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Figure 19. Average daily feed consumption end feed 
conversion of steers on Tapazole feeding 
experiment 639 
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experiments, a depression of rate of gain and feed consump­
tion has occurred with a possible increase in feed efficiency. 
However, some workers, Terrill et al. (79) and Kline e_t al• 
(48), observed a similar increase in rate of gain early in 
feeding experiments with thiourscil; however, the magnitude 
and duration of tne response was not nearly as great as that 
observed in tnis experiment. 
The feedlot performance of the animals in this experi­
ment indicated tnat the optimum feeding levels for Tapazole 
lay somewhere above 200 and below 800 mg. per day for yearling 
steers. It was felt that tne 800 mg. level was most likely 
too high since previously in this report one animal had been 
observed to go off feed from a severe depression in thyroid 
activity due to the administration of 1,200 mg. per day. 
Carcass quality 
The carcass grades and dressing percentages in Table 28 
were little affected by Tapazole treatment. The average 
dressing percentage and federal carcass grades were essen­
tially equal for the control and treated lots. The length 
of this feeding trial was such that not much difference in 
carcass grade could be expected combined with the fact that 
tne steers were carrying a fair degree of finish at the be­
ginning of the experiment. 
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Table 28. Carcass 
Tapazole 
grades and dressing percentages 
steer feeding experiment 639 
from 
Tapazole 
(mg./day) 
Average 
carcass grade0 
Dressing 
percentage 
0 6.2 59.8 
200 6.8 58.1 
400 6.2 59.5 
600 5.6 59.5 
800 6.2 60.0 
a7 = low choice, 6 = high good, 5 = average good 
Bone, fat and lean separation of the three rib sections 
as reported in Table 29 revealed a slight tendency toward a 
higher percentage of separable fat in the Tapazole treated 
animals. This increase in percent separable fat was most evi­
dent in the 400 and 800 mg. Tapazole groups. The thickness 
of fat over the rib section taken from the tracings also 
showed a tendency for Tapazole to increase the external layer 
of fat; however, these may not be real differences since the 
carcasses were extensively trimmed before being shrouded and 
chilled due to grub damage• These two lots also had the low­
est percentage of lean, indicating the prevalence of fat 
deposition in preference to growth. However, this same rela­
tionship in area of the rib eye did not hold true. 
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Table 29. Analysis 
from Tapa 
of 9, 10 and 
zole feeding 
11th rib s 
experiment 
ections 
639 
of steers 
Treatment 
(mg./day of Rio section separation 
Tapazole) /j lean % fat Ll bone 
0 50.9 33.3 15.8 
200 52.4 32.7 14.9 
400 47.4 37.2 15.4 
600 50.8 32.7 IS. 5 
800 45.6 35.8 18.6 
An analysis of samples from the rib eye muscle for per­
cent dry matter end ether extract indicated no differences 
between treated and control lots. From this analysis it can 
therefore be assumed that Tapazole treatment had no effect on 
marbling or amount of fat within the muscle and that the ob­
served weight gains were real and not due to an accumulation 
of water in the tissue or edema. 
Tnyrold activity 
Gross thyroid gland enlargement was observed to occur in 
tne Tapazole treated steers. The degree of enlargement was 
in direct relation with the daily dose of Tapazole as indi­
cated by Table 30. The variability within groups was great 
as is evidenced by the pictures presented in Figure 20. This 
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Table 30. Average weight of thyroid gland from steers on 
Tapazole feeding experiment 639 
Treatment Thyroid weight 
(mg. Tspazole/day) (grams) 
0 30.0 
200 52.1 
o
 
o
 
65.2 
600 70.3 
800 105.0 
variability in thyroid size within groups would suggest a 
difference in susceptibility of individual steers to goitrogen 
treatment, as was the case with lambs. 
Effect of Prolonged Administration of Different 
Levels of Tapazole and Stllbestrol in 
Cattle Feeding Experiment 641 
The apparent beneficial effects of orally administered 
Tapazole for promoting rate of gain and fattening in a short 
term feeding trial led to an evaluation of the additive in a 
more typical long term feeding period. This trial was con­
ducted over a period of 176 days as compared to 79 days for 
the previous experiment. 
The apparent interaction of Tapazole and stllbestrol 
in a previously reported lamb experiment also made it of 
Figure 20. Thyroid glands from steers on Tapazole feeding 
experiment 639 
600 mg./day 200 mg./day Control 
800 mg./day 400 mg./day Control 
112 
113 
Interest to evaluate the use of these two additives alone 
and in combination. 
Feedlot performance 
The rate of gain of the steers in this experiment, as 
shown in Figure 21, followed very closely the pattern which 
had been observed in the previous cattle experiment. An 
initial large live weight gain response due to Tapazole was 
followed by a fairly rapid decrease in this response. How­
ever, the change in response was found not progress at this 
rapid rate throughout, but rather to taper off until all lots 
maintained an almost equal accumulative rate of gain at the 
termination of the experiment. Table 31 shows a summary of 
the accumulative average daily gains at three different times 
throughout the experiment. The rate of gain of the Tapazole-
fed steers was found to be significantly greater than the 
controls at 56 days. At 112 and 176 days tne rates of gain 
were essentially equal and no statistically significant dif­
ferences were found. 
Trie effect of Tapazole appeared to be independent of 
stllbestrol, and this was evidenced in the analyses of vari­
ance at those three times in which the Tapazole and stll­
bestrol interaction mean square was essentially equal to that 
of the error terms. It is interesting to note that s til-
Figure 21. Average daily gain of steers on Tapazole feeding 
experiment 641 
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Table 31. Average dally pain of cattle on Tapazole and stllbestrol feeding 
experiment 641 at 56, 112 and 176 days on feed 
Stllbestrol Days on Tapazole (mp. per day) 
(mg. per day) feed 0 300 600 Average 
56 2.90 3.14 3.44 3.2 
0 112 2.84 2.96 3.05 3.0 
176 2.70 2.82 2.76 2.8 
56 3.30 3.28 3.67 3.6 
10 112 3.30 3.20 3.90 3.9 
176 3.24 3.19 3.09 3.1 
Average 3.1 3.1 3.0 3.2 3.1 3.0 3.6 3.1 2.9 
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bestrol significantly Increased average daily gain at IIP and 
176 days, and this increase aprroached significance at 46 to 56 
days. 
Feed consumption for these same three periods of this 
experiment are presented in Table 52. The differences in feed 
consumption due to the Tapazole treatment are very small for 
the 56 and 112 day periods ; however, there is a slight de­
pression in feed consumption with increasing levels of Tapa­
zole over the entire 176 day feeding trial. The administra­
tion of 10 mg. of stllbestrol increased the average feed con­
sumption at all three times. 
Feed efficiency was increased by both the 300 and 600 mg. 
levels of Tapazole over the controls at 56, 11? and 176 days 
on feed, as shown in Table 33. The differences due to Tapa­
zole treatment were largest and approached significance dur­
ing tne first 56 days on feed. As the trial progressed, the 
magnitude of these differences was lessened, but the advantage 
was maintained. 
Stllbestrol increased feed efficiency at all three times, 
and these differences were found to be significant at 11? 
days and highly significant at 176 days. 
No interaction between stllbestrol and Tapazole was ob­
served . 
Table 32. Average dally feed consumption of cattle on Tapazole and stllbestrol 
feeding experiment 641 at 56, 112 and 176 days on feed 
Stllbestrol Days on ; Tapazole (mg. per day) 
(mg. per day) feed 0 300 600 Average 
56 21.5 21.9 22.0 21.8 
0 112 93.7 23.5 23.4 23.5 
176 24.1 24.0 23.9 24.0 
56 22.2 21.8 21.9 29.0 
10 112 24.5 23.9 23.4 23.9 
176 25.4 24.5 93.9 ?4.6 
Average 21.8 24.1 94.8 21.8 23.7 24.2 92.0 ?3.4 93.9 
Table 33. Average feed conversion for steers on Tapazole and stllbestrol feeding 
experiment 641 at 56, 112 and 176 days on feed 
Stllbestrol Days on Tapazole (mp. per day) 
(mg. per day) feed 0 300 600 Average 
56 7.4 7.0 6.4 6.9 
0 112 8.4 7.9 7.7 8.0 
176 8.9 8.5 8.7 8.7 
6 . 8  6 . 6  6 . 0  5 
10 112 
176 
7.1 7.5 7.3 
7.8 7.8 7.9 
7 .4 
7.8 
Average 7.1 7.9 8.4 6.8 7.7 8.9 6.9 7.5 8.3 
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Carcass quality 
Tne average Federal carcass grades shown In Table 34 show 
tnat Tapazole increased carcass grade from 6.5 to 7.0 and 6.8. 
Altnougn these differences were small and not statistically 
significant, the dressing percentages, also in Table 34, indi­
cate increases in carcass quality with increases of 0.4 and 
0.8 percent. The large number of steers used in this trial 
Table 34. Carcass data, from Tapazole and stllbestrol steer 
feeding experiment 641 
Treatment 
a Tapazole Stllbestrol Carcass grade Dressing percent 
0 6.8 60.7 
0 
10 6.2 60.9 
Average 6.5 60.8 
300 
0 
10 
Average 
7.6 61.3 
..4 61 .2  
7.0 61 
0 7.2 31.9 
600 
10 6.4 61.0 
Average 6.8 51.4 
Average 7.2 6.3 61.3 61.0 
a8 = choice; 7 = low choice, etc. 
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and the consistency of both carcass grade and dressing per­
centage observations lead to the conclusion that Tapazole has 
effectively increased carcass quality. 
There was no observed interaction between Tapazole and 
stllcestrol in respect to carcass grade• Stllbestrol did re­
duce carcass grades in every instance, and this was found to 
ce highly significant statistically. 
Thyroid activity 
As in tne previous feeding trial, Tapazole increased 
weignt of tne thyroid gland progressively, as shown in Table 
35. These increases in thyroid weight due to Tapazole admin­
istration were found to be statistically significant. 
Stllbestrol was also apparently effective in increasing 
thyroid weight when fed in combination with Tapazole. The 
averages indicate that stllbestrol resulted in a 25 percent 
Table 35. Average weight of thyroid glands from cattle on 
Tapazole and stllbestrol feeding experiment 641 
Stllbestrol , Tapazole (mg. per day) 
(mg. per day) 0 300 600 Average 
0 29.5 79.5 154.5 87.8 
10 30.0 102.0 221.0 117.7 
Average 29.8 90.7 187.8 
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increase in the weight of this glana. The effects of stll­
bestrol and the Tapazole and stllbestrol interaction were not 
statistically significant. However, since this same response 
had ceen noticed to a lesser extent in the previously reported 
lamb feeding experiment, it seems very possible that stll­
bestrol may either have goitrogen properties or affect meta­
bolic rate to tne point that when fed in combination with an 
effective dose of goitrogen, thyroid enlargement would result. 
The difference in thyroid weight resulting from Tapazole 
and a combination of stllbestrol and Tapazole are shown pic-
torially in Figure 22. These pictures again evidence the 
variability of response of different animals to the same 
goitrogen treatment, indicating the presence of an inherent 
factor which determines the susceptibility of a given animal 
to a given amount of a goitrogen. 
Effect of Different Levels and Feeding "ethods 
of Tapazole in Cattle Feeding Experiment 642 
It was evident from the two preceding experiments that, 
first, a large growtn response resulted early from Tapazole 
treatment and, second, that this large growth response could 
not be maintained throughout a long term feeding trial. It 
was tnerefore deemed desirable to evaluate Tapazole as a 
fattening aid for the last portion of the feeding trial as 
Figure 22. Thyroid glands from steers of experiment 641 showing 
the effeote of Tapazole and stllbestrol treatment 
1. Control 2. 10 mg. stllbestrol 
3. 600 mg. Tapazole . 4. 600 mg. Tapazole and 
10 mg. stllbestrol 
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compered to continuous usage. 
Feedlot performance 
Tne average daily gains shown graphically in Figure 23 
plotted against time again show the early large growtn re­
sponse due to Tapazole treatment. This experiment demonstrat­
ed that this growth response from the initiation of Tapazole 
treatment could also be obtained in the middle of the fatten­
ing period as veil as at the beginning. 
Although the rates of gain for the treated lots did re­
gress, a sizable advantage was maintained after 134 days on 
feed with 300 and 600 mg. of Tapazole. These two levels in­
creased average daily gain 5 percent over the entire period. 
This increase in rate of gain by the treated lots over the 
controls was found to be nighly significant even though they 
were not statistically significant differences between any 
of tne three treated groups. 
In addition to maintaining a more rapid rate of gain, the 
Tapazole treated groups made more efficient gains, as shown 
in Table 36. Feed consumption was depressed somewhat by 
Tapazole, and to the greatest extent with the 300 and 600 
mg. continuous treatments. The more efficient gains and lower 
feed consumption of these two lots would tend to support the 
conclusion tnat a true goitrogenic response was taking place 
more with the continuous administration method than when the 
Figure 23. Average daily gain of steers on Tapazole feeding 
experiment 64? 
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Table 35. Feed consumption and feed efficiency of cattle on 
Tapazole feeding experiment 642 
Treatment 
(mg. Tapazole/aay) 
feed consumption 
(lbs. ,/a ay ) 
Feed conversion 
(lbs. feed/lb. gain) 
0 26.03 S.06 
500 25.35 7.52 
0-600 25.63 7.65 
600 26.46 7.45 
goitrogen was administered only during the last half of the 
fattening period. 
Carcass quality 
Federal carcass grades in Table 57 for the Tapazole 
treated cattle are only slightly higher than those of the con­
trols, while dressing percentage is slightly less than that 
of tne controls. Even so, a slight depression in develop­
ment and lean tissue and an increase in fat deposition is 
indicated by the smaller rib eye muscle area and the thicker 
fat covering over the rib section, also snown in Table 37. 
A physical separation of three rib sections from tne con­
trol animals and the animals which had received 600 mg. of 
Tapazole throughout the feeding period revealed that the rib 
sections of the treated group contained almost 1 percent 
less lean and 1.5 percent more separable fat. These results 
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Table 37. Carcass data for Tapazole steer feeding experi­
ment 645 
Area of rib Thickness of 
Tapazole Carcassa Dressing eye muscle fat over rib 
(mg./day) grade percent (sq.in.) (in.) 
0 
300 
0-600 
600 
7.3 
7.1 
7.6 
7.4 
61.4 
61.1 
6 1 . 0  
60.7 
13.46 
IP.90 
12.64 
13.03 
1.15 
1.P3 
1.40 
1.3 5 
a0 ; = choice average, 7 = low choice, etc 
are shown in Table 38 along with the results of an analysis 
of samples of tissue from tne rib eye muscle. Tnis analysis 
snowed the control and treated groups to have the same per­
centage of dry matter in the rib eye muscle, wnile the 
treated group had a slightly higher ether extract indicating 
a possible larger amount of interior fat or marbling. 
A highly significant negative correlation of .SO was 
found between specific gravity of the rib section and per­
cent separable fat. The specific gravity of the treated rib 
sections was lower tnan that of the controls as shown in Table 
38. 
None of the differences between the control and treated 
groups were large; however, they all point to one thing—a 
fatter, higner quality carcass due to Tapazole treatment. 
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Table 38. Rib analysis data for 9, 10 and 11th rib section 
from steer Tapazole feeding experiment 642 
Rib eye muscle 
Tapazole Specific Rib separation % ether 
(mg./day) gravity % lean fat % bone extract >D.M. 
0 1.0508 52.0 33.8 14.2 o.04 27.1 
600 1.0470 51.1 35.3 13.6 5.2? 27.1 
Thyroid activity 
The average thyroid weight of the groups shown in Table 
39 indicates, as before, an increase in thyroid weight with 
increasing dose of Tapazole. This increase in weight over 
tnat of the control animals was highly significant. The 
thyroids from the group which had received 600 mg. throughout 
the feeding experiment were also significantly heavier than 
those of tne other treated groups. 
Table 39. Average weignt of thyroid glands from cattle on 
Tapazole feeding experiment 642 
Treatment Thyroid weight 
(mg. of Tapazole per day) (gms.) 
32.7 
80.3 
89.7 
167.7 
0 
300 
0-600 
600 
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It is interesting to note the similarity between the 
weights of tne 500 and 0-600 groups. From this similarity it 
could be postulated that 500 mg. of Tapazole administered 
over 154 days will result in the same degree of thyroid in-
nicition as 600 mg. administered for 78 days. This certainly 
demonstrates the relationship of time with effectiveness of 
a goitrogen treatment. 
Effect of Tapazole Treatments on T.v eight and Growth 
and Thyrotrophic Hormone Content of 
Bovine Anterior Pituitary 
The average weight of the anterior pituitary glands from 
une steers of trie initial Tapazole feeding experiment shown 
in Table 40 were increased by oral Tapazole treatment. The 
200 mg. per day treatment caused no increase in weight while 
the 400, 600 and 800 mg. daily treatments caused increases 
of 17, 15 and 22 percent, respectively. Goitrogen treatment 
has also been reported in the literature by C-riesback (56) 
to increase pituitary weight and cellular structure. The dry 
matter composition of these pituitary glands, also shown in 
Table 40, are very similar and do not account for the total 
weignt differences caused by the treatments. 
The growth hormone content of the dried anterior pitui­
tary shown in Table 40 was found to be higher than the con­
trol in every case. These increases are not consistent with 
the treatments, but they do indicate certainly that the 
Table 40. Average weight, percent dry matter and growth and thyrotrophlc 
hormone content of anterior pituitary glands from steers on 
Tapazole experiment 639 
Tapazole 
treatment 
(mg./day) 
Number 
of 
glands 
Weight 
(gms.) 
Dry 
weight 
(gms.) 
GH 
(microgr./ 
gm. D.M.) 
GH 
(micro gr./ 
ant. pit.) 
TSH 
(i.u./ 
gm. I).M. ) 
TSH 
(i.u./ 
ant. pit.) 
0 10 .9255 .2415 5,538 1,337 289 70 
200 5 .9101 .2266 — — — — - - — ™ 
400 5 1.0820 .2651 7,975 2,114 888 235 
600 5 1.0607 .2726 5,638 1,537 533 145 
800 5 1.1268 .2828 7,325 2,072 397 112 
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anterior pituitary glands of the treated animals contained 
growtn normone in amounts per unit weignt at least equal to 
that of the control animals. 
Trie thyrotropnic hormone content of the dried anterior 
pituitary showed more dramatic increases due to Tapazole 
treatment as would be expected<• In one instance this hormone 
concentration was increased to three times normal. As was 
tne case with the growth hormone, tne increases in thyro­
tropin content were not consistent with treatment; however 
it must be remebersd that the pituitary glands from the ani­
mals on the hign level Tapazole treatment were considerably 
larger than the controls and the other treated lots. 
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DISCUSSION 
The use of goitrogens as en aid in fattening domestic 
en i m al s has not proved to be satisfactory in the past. Main­
ly, this has been due to a lack of effectiveness of the com­
pounds as thyroid inhibitors when administered orally due to 
ti;e limitations on intake imposed by the generally unpala­
table nature of the compounds. 
Thiouracil, which was in the past the predominantly 
studied compound for the purpose of promoting fattening, was 
also studied in this report. When used on fattening beef 
steers, this material proved to be entirely ineffective in 
altering thyroid activity at levels which the animals would 
consume. Levels of thiouracil up to almost 2 grams per 100 
pounds of body weight in this study were fed without altering 
any of the observed aspects of thyroid activity, which were 
uptake of radioactive iodine by the thyroid gland, net daily 
decrease in iodine content of the thyroid gland, and weight 
of the thyroid gland. This is contrary to a report by Pipes 
et al- (63) which states that 1 gram of thiouracil per 100 
pounds of body weight will completely block tne thyroid gland 
of all species of ruminants. This obviously is not true, at 
least not in all cases. This prediction of Pipes et al. (65) 
was made on the basis of the dairy animal, whose thyroid 
activity is known to be much greater than that of beef cattle. 
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It is, therefore, proposed that the amount of goitrogen re­
quired to completely block the thyroid gland from producing 
and secreting thyroxin is dependent upon the inherent thyroid 
activity of the animal in question, witn the animals having 
the nigher thyroid activity being the most susceptible. 
As well as being an ineffective thyroid inhibitor at 
the levels fed, thiouracil proved to be very unpalatable at 
high levels, thereby reducing feed intake and rate of pain 
not by virtue of its thyroid blocking capability but simply 
cecause of its unpalatable nature. It is therefore felt that 
tniouracil likely will find little practical use as a feed 
additive for aiding fattening, largely due to its unpalatable 
nature. 
The theoretical aspects of goitrogens as aids for fat­
tening are sound, and the problem lies in obtaining a goitro­
genic compound that has the necessary goitrogen potency and 
palatsbility suitable for animal consumption at effective 
levels. Tapazole (l-methyl-2-mercapto imidazole) is such a 
compound. It has s potency 40 times that of thiouracil 
according to Ksbak ejt al. (44), and it has been shown in 
their report to be palatable to beef cattle and lambs at 
relatively high levels. 
Tapazole, when fed at levels of 300, 600 and 1,200 mg. 
per day, effectively altered the thyroid activity of beef 
steers. This alteration of thyroid activity was observed to 
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be progressive with the size of the dose of Tapazole. The 
1,200 mg. level was observed to alter thyroid activity to 
sucn an extent that after a 7-week administration, feed con­
sumption by the animal had dropped off drastically, thereby 
ruling this and higher levels out for practical use with beef 
cattle• This also indicated that only a partial and not a 
complete thyroid blocking would be useful in a practical use 
of goitrogenic compounds in tne feedlot. 
Experimentation with lambs revealed that various levels 
of Tapazole would sporadically increase thyroid activity 
depending upon the inherent thyroid activity of the lamb. 
From the levels used, it can be said that levels in excess 
of 128 mg. per day would likely need to be used to alter con­
sistently the thyroid function of lambs. Even at an effective 
level this may come to only limited success in lambs due to 
their apparent variability in response to goitrogens. 
Weights of thyroid glands from cattle on feeding experi­
ments witn Tapazole indicated that individual cattle also are 
affected to greatly different degrees by a given dose of 
goitrogen. These thyroid weights also indicate that there 
is a definite time relationship with goitrogen administra­
tion, with prolonged administration resulting in thyroids 
larger than those from animals receiving the same dose over 
limited periods of time. 
Studies with metabolic rates of lambs Indicated that 
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alteration of thyroid activity as measured by the methods em­
ploying iodine isotopes does not necessarily Indicate a change 
in metabolic rate. Lambs with normal thyroid activity and 
those altered to varying degrees displayed essentially equal 
metabolic rates by the methods used. This would indicate, 
then, that the pituitary thyroid system strives to secrete a 
constant amount of thyroxin over a given period of time. The 
thyroid gland may be called upon to enlarge or secrete a 
larger percentage of its iodine content per day to do this by 
the pituitary gland, but over a limited period of time this 
secretion rate could remain constant even under the mentioned 
condition of stress. It is, therefore, proposed that thyroid 
gland and net daily secretion of iodine content per day are 
measures of stress placed upon the thyroid, rather than thy­
roxin secretion rate. 
In these experiments, there is also indication that for 
the most part the rate of elimination of radioactive iodine by 
the thyroid is independent of the uptake of radioactive iodine 
by the thyroid gland to a point. The net elimination rate has 
been observed to remain constant over a large range of uptake 
values. It is, therefore, proposed that the net elimination 
rate of iodine from the thyroid gland in goitrogen studies 
be considered as a better parameter of thyroid stress than 
the uptake of radioactive iodine by the thyroid gland. 
The feeding value of Tapazole for lambs was studied only 
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to ? limited extent in this report. From the work done, it 
appears that Tapazole has some possiblity as a growth stimu­
lant for lambs when used in combination with stllbestrol. 
Combination of 2 mg. of stil'cestrol and 5 and -3 5 mg. of Tapa­
zole per day resulted in a more rapid rate of p;?in than the 
corresponding separate treatments. This interaction between 
Tapazole and stllbestrol has also been observed in fattening 
lames by Blair et al. (17). 
Tapazole has shown very definite beneficial effects for 
fattening steers when fed at the 200, 300, 400, 600 and 800 
mg. daily level. This is contrary to reports by Pope (64, 
65), Blair (18) and Comfort (26), who all used less effective 
levels lower tnan 250 mg. per day and for the most part for 
relatively short feeding periods. Tapazole at all levels 
used in these studies has been observed to cause a very 
dramatic early increase in rate of gain. This early response 
has been shown to be independent of the time of the fattening 
period at which Tapazole administration is initiated. This 
is more pronounced with the higher levels. The rate of gain 
has been observed to regress as the feeding period progresses, 
with very definite advantage remaining in this respect at 80 
days, a less pronounced advantage at 134 days, and gain essen­
tially equal to tnose of the controls at 176 days. 
Orally administered Tapazole increased feed efficiency 
of cattle over all length of feeding periods tested. Feed 
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consumption was observed, to be equal to that of the controls 
in a short feeding period and slightly decreased in the longer 
feeding periods. 'This reduction in feed consumption over the 
long feeding trials is undoubtedly due to an altered thyroid 
function and not due to unpalatabilitv of the goitrogen. 
Carcass quality was slightly improved in all cattle 
feeding experiments with Tapazole in this study. These in­
creases in carcass quality have been more evident in the long­
er term feeding trials, as would be expected. Tapazole has 
been observed to increase average Federal carcass grade, fat 
covering over the rib section, percent separable fat from 
tne 9, 10 and 11th rib sections and percent ether extract in 
tne rib eye muscle - Although in most cases these increases 
were small, they were consistent over all experiments leading 
to the conclusion of a definite increase in carcass fatness 
and, consequently, quality due to the oral administration of 
Tapazole. 
From tne studies conducted, 300 to 600 mg. daily through­
out the entire fattening period appears to be the optimum 
dosage level, irrespective of length of the fattening period. 
The early growth response caused by tapazole treatment 
is most likely due to a stimulation in growth brought about 
by a stress placed unon the pituitary gland similar to that 
described by Struempler (77) explaining the mode of action of 
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stllbestrol. Growth hormone and thyrotrophic hormone assays 
were conducted on the anterior pituitary gland of the cattle 
from tne first Tapazole feeding trial. These anterior pitui­
tary glands from the Tapazole treated cattle were found to 
contain in every case more thyrotrophic hormone per unit of 
weight than the controls and equal or greater amounts of 
growth normone per unit of weight than the controls. Since 
tne weights of these anterior pituitary glands were from 14 
to 22 percent heavier than the controls, and since they con­
tain as much or more growth hormone per unit of weight, it 
seems reasonable to assume that along with secreting more 
thyrotrophic hormone, tne anterior pituitary is also secret­
ing more growth hormone. 
The loss of this growth response later in the fattening 
period is probably due to a true goitrogenic effect in which 
thyroxin secretion is reduced, growth is therefore also re­
duced, and the animal tends to become more efficient in lay­
ing down fat. This is somewhat substantiated by the increases 
in thyroid weight with time and the greater differences ob­
served in carcass fatness with the longer feeding periods. 
These studies would also suggest that there is some 
interaction between stilbestrol and Tapazole in increasing 
tne size of the thyroid gland. This phenomenon was observed 
in both cattle and sheep that stilbestrol in combination with 
an effective level of Tapazole produces a larger thyroid gland 
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than does the Tapazole alone. Stilbestrol when fed alone 
had no effect on weight of the thyroid gland. Money e_t al. 
(58) reported that diethylstilbestrol and other estrogens 
decreased the uptake of radioactive iodine by the thyroid of 
the rat, wnich indicates some thyroid altering properties of 
diethylstilbestrol. Tais may well be true of a large number 
of other materials also, which alone do not possess suffi­
cient goitrogen properties to affect thyroid enlargement, but 
when used in combination with an effective level of another 
goitrogen would manifest these goitrogenic effects. 
There is some indication that method of oral administra­
tion may alter the effectiveness of a given amount of a 
goitrogen. When thiouracil was administered by Pipes et al. 
(63) once daily by gelatin capsule, a level of one gram per 
100 pounds of body weight would completely block the thyroid 
gland. In this report, equal and higher levels of thiouracil 
administered through the ration had no effect on the thyroid 
gland. 
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SUMMARY 
Studies were conducted with cattle and sheep to determine 
the effect of goitrogenic compounds (thiouracil and 1-methyl-
2-mercapto imldlazole or "Tapazole") , on thyroid activity, 
metabolic rate and the associated changes in feedlot per­
formance and quality of the carcass produced. 
Thyroid activity was evaluated upon the basis of thyroid 
weight at time of slaughter and also by two techniques involv­
ing the use of radioactive iodine. These radioactive iodine 
determinants were (l) theoretical uptake of labeled iodine 
by the thyroid gland and (2) net elimination rate of radio­
active iodine from the thyroid gland after maximal observed 
uptake. 
Metabolic rate was determined on lambs with a carbon 
dioxide absorption apparatus which proved to be satisfactory 
for ruminants. 
The criteria measured in feedlot performance were rate 
of gain, economy of gain and feed consumption; while the 
quality of the carcass was determined by Federal carcass 
grade, dressing percent, rib eye muscle area, thickness of 
fat over the rib eye, physical separation of bone, fat and 
lean from a three rib section and percent ether extract in 
the rib eye muscle. 
Prolonged oral administration of thiouracil to eight 
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Individually fed steers at levels ranging from 1 to 20 grams 
per day had no effect on observed thyroid activity, feedlot 
performance or carcass quality, with the exception that the 
20 gram per day level did reduce feed consumption, rate of 
gain and feed efficiency appreciably. Thiouracil at the 
higher levels was observed to be a very unpalatable through­
out the experiment. 
Tapazole was observed to alter thyroid activity in 11 
individually fed lambs fed levels of 4 to 128 mg. per head 
per day, while Tapazole had no apparent effect on metabolic 
rate of these same lames. Tapazole consistently and progres­
sively altered thyroid activity at levels of 300, 600 and 
1,200 mg. per day in four individually fed steers. Thyroid 
activity as measured by thyroid weight was grossly effected 
by Tapazole treatments ranging from 200 to 800 mg. per day 
in three steer feeding trials, with a progressive alteration 
with length of administration. Only a slight effect on thy­
roid weight was noticed in a lamb feeding trial where the 
levels of Tapazole used were 0, 5, 35 and 65 mg. per head 
per day. 
Tapazole was found to be beneficial in promoting the 
rate of gain of steers in feeding periods of 79 and 134 days 
in length. Tapazole did not depress overall rate of gain as 
compared to the controls even to 176 days on feed. Tapazole 
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increased economy of gains in every case and resulted in 
somewhat reduced feed consumption over the longer feeding 
period. 
Carcass quality was slightly improved in every case with 
Tapazole administration as was evidenced by higher carc «iss 
grades, higher percent separable fat in the rib sections and 
a higher percent ether extract in rib eye muscle of the 
treated animals. 
Tapazole treatments were observed to cause an increase 
in weight of the bovine anterior pituitary gland. Bioassays 
of the anterior pituitary gland fro growth and thyrotrophic 
hormones revealed that the glands from the treated animals 
contained per unit of weight and per anterior pituitary 
greater amounts than the controls of both growth and thyro­
trophic hormone• 
From these experiments Tapazole appears to be a palat­
able and potent goitrogen capable of altering thyroid activity 
in ruminants. The thyroid activity alteration in steers with 
200 to 800 mg. of Tapazole per head per day promoted superior 
gain for limited feeding periods and increased economy of 
gain and carcass quality over all feeding periods. The opti­
mum daily dosage of Tapazole for aiding in fattening steers 
irrespective of length of feeding period appears to lie 
between 300 and 600 mg. 
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APPENDIX 
Tab le  41 .  Analysis of variance of chanp-es in net elimination 
rate of iodine from the thyroid p'irna of steers 
fed Tapazole 
Source of variation D.F. Lean square 
Treatments 
u vs. ouO, 600 and 1,200 
•500 vs- 600 ana 1,200 
600 vs. 1,200 
Rep s 
Treatments x reps 
Total 
1 
1 
1 
3 
3-1 
10 
378.557** 
221.414** 
234.331** 
679.996** 
14 .885  
4.016 
Taole 42- Analysis of variance of average daily gain of 
lambs fed different levels of Tapazole and 
stilbestrol 
Source of variation D.F. Mean square 
Treatments 7 .02033 
Tapazole 3 .02925 
Stilbestrol 1 .00020 
Tapazole x stilbestrol 3 .01780 
TxS linear 1 .00230 
TxS quadratic 1 .04770 
TxS cubic 1 .00340 
Reps 2 .00740 
Treatments x reps 14 .01125 
Total 23 
155 
Tacle 4o. Analysis of variance of the thyroid weights of 
lames fed different levels of Tapazole and 
s ti lbestrol 
Source of variation D.F. %ean square 
Treatments 7 40.38 
Tapazole 5 19.59 
Stilbestrol 1 2o.93 
Tapazole stilcestrol 3 66.82 
Reps 2 35.79 
Treatments x reps 14 29.20 
To z s l  23 
Ts.ble 44. Analysis of variance of weignt of thyroid glands 
of cattle on Tapazole feeding experiment 639 
Source of variation D.F. Mean sou-are 
Treatments 
Error 
Total 
4 
25 
29 
5,006** 
936 
156 
Table 45. Analysis of variance of average daily grin of 
steers on Tapazole and stilbestrol experiment 
541 to 56 days on feed 
Source of variation D.F. Mean souare 
Treatment 5 .1376 
Tapazole o .9973 
Stilbestrol 1 .1976 
Tapazole x stilbestrol ? .0180 
Reps 1 .0408 
Treatments x reps 5 .0392 
Total 11 
Table 46. Analysis of variance of average daily gain of 
steers on Tapazole end stilbestrol experiment 
641 to 11? days on feed 
Source of variation D.F. Mean square 
Treatments 5 .0578 
Tapazole 2 .0028 
Stilbestrol 1 .2324* 
Tapazole x stilbestrol 2 .0255 
Reps 1 .0990 
Treatments x reps .0169 
Total 11 
157 
Table 47. Analysis of variance of avers;.e daily gain of 
steers on Tapazole and stilcestrol experiment 
641 to 176 days on feed 
Source of variation D.F. Mean square 
Treatments 5 .0970** 
Tapazole 2 .0075 
Stilbestrol 1 .4144** 
Tapazole x stilbestrol ? .0^02 
Reps 1 .0-331 
Treatments x reps 5 .0074 
Total 11 
Table 48. Analysis of variance of feed conversion of steers 
on Tapazole and stilbestrol experiment 641 to 56 
days on feed 
Source of variation D.F. He an square 
Treatments 5 .4903 
Tapazole 2 .8692 
Stilcestrol 1 .7913 
Tapazole x stilbestrol 2 .0276 
Reps 1 .2214 
Treatments x reps 5 .1713 
Total 11 
15B 
ï P D±e 42. Analysis of v-riance of £Teed conversion of steers 
on Tapazole find stilbestrol experiment 841 to 11? 
days on feed 
Source of variation D.F- Mean square 
Treatments 5 .9990 
Tapazole P° .1596 
Stileestrol .9977* 
Tapazole x stilbestrol P" .0961 
Reps 1 .0012 
Treatments x reps 5 .0929 
Total 11 
Table 50. Analysis of variance of f < eed conversion of steers 
on Tapazole and stilbestr";ol experiment 641 to 176 
days on feed 
Source of variation O. F - ''e an square 
Treatments 5 .4571* 
Tapazole 2 .0411 
Stilbestrol 1 2.1168** 
Tapazole x stilbestrol 2 .0432 
Reps 1 .0902 
Treatments x reps 5 .0432 
Total 11 
159 
Table 51. Analysis of variance of weight of thyroid glands 
of cattle on Tapazole end stilcestrol feeding 
experiment 841 
Source of variation D.F. Mean scuare 
Blocks 1 10,621 
Treatments 5 11,144* 
Tapazole ? 25,396* 
Stilbestrol 1 2,670 
Tapazole x stilbestrol o 1,129 
Error 5 1,924 
Total 11 
Table 52. Analysis of variance of carcass grades of cattle 
on Tapazole and stilbestrol feeding experiment 641 
Source of variation D.F. :'_ean s ou are 
Blocks 
Treatments 
Tapazole 
Stilbestrol 
Tapazole x stilbestrol 
Error 
To t al 
2 
1 
P 
1 
5 
5 
11 
1.2675** 
.5050* 
.2509 
1.8408** 
.0912 
.0715 
160 
Table c-3. Analysis of variance of pverrre daily grin of 
steers on Tspssole experiment 64? 
Source of variation D .F. .'Jean square 
Treatments 3 .01685** 
0 vs. 300, 0-60u, 600 1 .04480** 
300 vs. 0-600, 600 1 .00940 
0-60.. vs. 600 1 .00482 
Reps o .03051** 
Treatments x reps 5 .00085 
Total 11 
Table 54. Analysis of variance of weight of thyroid glands 
from cattle on Tapazole feeding experiment 64? 
Source of variation C.F. vean souare 
Blocks 2 3? 
Treatments 3 5,386** 
0 vs. 300, 0-600, 600 1 14,350** 
600 vs. 300, 0-600 1 13,676** 
300 vs. 0-600 1 131 
Error 6 167 
161 
Table 55. Average initial and 
daily gain of steers 
final weights 
on Tapazole 
and average 
experiment 639 
Treatment 
Number 
of 
animals 
Initial 
weight 
(lbs.) 
Final 
wei gh t 
(lbs.) 
ADG 
(lbs./day) 
0 10 976 1,209 2.95 
200 5 977 1,245 3.39 
400 5 981 1,226 3.12 
600 5 976 1,258 3.58 
800 5 985 1,222 3.01 
Table 56. Average initial and final weights and average 
daily gain of steers on Tapazole experiment 641 
Treatment Initial Final 
Tapazole Stilbestrol weight weight ADG-
(mg./day) (mg./day) (lbs.) (lbs.) (lbs./day) 
0 0 680 1,156 2.70 
0 10 683 1,210 3.00 
300 0 678 1,179 2.82 
300 10 678 1,228 3.12 
600 0 680 1,156 2.76 
600 10 675 1,205 3.04 
162 
Table 57. Average initial and final weights and average 
daily gain of steers on Tapazole experiment 642 
Initial Final 
Treatment weight weight ADG 
(mg. Tapazole/day) (lbs.) (lbs.) (lbs./day) 
0 838 1,271 3.23 
300 845 1,295 3.36 
0-600 841 1,288 3.34 
600 843 1,299 3.41 
